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A bst r a ct
t he Newfoundland SluM lIsin g two dilfc,Tt'ut ma lhl'11Iatil'al11lt't.hml:;, T IU' lirsl ill an
anal ytic almodel th at solv<':; t Ill' advl'rti oll-dilflisitlll l'C[ lIaliuli fur a lJille'l1uf larvar- ill a
spat ially h011logC'!WO\lS, li ll \{'-d"PI' IH II~ ll t current fur t il" IlrtJlllJl'tiu n of lan'w' rd ,aill"ll
011 till' shdf. w,~ show lha t UIC'l'l' b ,l weak c~ul'l't ' l<,L ion h"twc"' 11 l'l,t" llt iull of llll'\'ill'
a nd recr uitment o f northern cod, Furthenncn-, WI' (h'l1\llllstnLt,I' t Ill' SI' IISi t.i llity uf
ret en t ion to loca tion of the lnrvar- rcla fivo tu ti ll' shelf hn-ak.
III LIll' seco u l method we HS(' u lwo-dinll'nsiona l vehn-lty lit'ld t il sl,lllly lIw
luteranuual variations of n it! I'AA " ", I larval dil< llt'rllioli on ti l<' Nl'wfoulIlllim,1 alld
La brad or shelf. Th is mode l liSl~ a sl(·.uly StHt ,~ 1111'lUi flow l ll 'l' i v{ ~ 1 Irorn a ,Iia~llos lk
following the approach of Pollar d-Millard (1!J70), WI' st udy t lu- iLl lve-l'ti ull uf ll le' " AA~
a mi larvae using numeri cal LagrllllgilUJdrifters Sl~~d l'l l l h ruIl Jl;l l olll t h.. N"wrulludllLlIll
Shelf region. We identify Iavourablr- iLnd 1l1lfllV(I1U'llbl" ~<lI lrli uf rdl ~ lI l i llll Oil lI u ~
Newfoundla nd shelf. WI' show that ll o rt h l ~rly, shelf 1 Jr( ~ llk ~pawll i lll!: l'wll1.iulis ure 11101"1 '
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List of Figures
1.1 Ovt'Tvil'WuftlwN I'W[£Illlltllalill Shelfregion. \VB refers to Whab Bank,
e l" f(,b s to CupoFl't'c[s,and CSTdl' TS lo Cape ~' l. Fraud s.
1. 1 Till' 111lHjd dOll1ain and axis orient ation showing the shdf (shaded re-
,r;iul1)unt] llw tliTl'f'l ion ufthe mean flow (0.20 1/1,.- 1), rcp res('n ~i ng the
H(Jlltlll'iL~tW l\rcl flowing LallTi~tlnr Current,
1.1 Silmpll' l riljl'durit~ of 1,11l' l'U patch rentrold for (iI) 1975 and (1))1981.
The period for tht' simulation is [1'01112!JMay to 10 July. The halfway
point in the xlmulaticn is shown with au open circle. 'Ihe shaJed area
"
2.:1 Dl'Iwlll!l' ll('(' of tile aV('ra~I'lI rl't!' ution rat io Ii ,,,. 1111 in iti<l [l<l1.d, r;ulill:<
" for Yl 'lIr~ J!)lia to 1!l!12 of til(' 111m!!'l run. 'I'lli' 111m!!'! ruu :<p.111S lin
days slllrti np; I April. III (a) initial t'll;/!; 11111:<:<p()~ i ti(JlI i .~ ,lt lIlt' »lu-lf
break. III (h) initial t'~~ IIlIi SS is lot'al,t'd !in k ill ill:<huft, (fII111 llU' slwlf
2,4 Depend-no- of retention rat.io [I uu tlilrn:<h' i1y ~~ . Fur (it) tIlt' inilia l
t·p;g 1TI <1l1l1 posit ion ill at till' shd f hrr-ak, Hll' (II) tilt' \nil.j,,1 "AA IIlilliS
2.!i Sallie a,~ for F'i ~lIn' 2.a hilt wit li mOiled runs sl,ar t.ill/.(!ill di'YSI,tt l 'r till
21 May.
2.6 I{ecrui lnlt'll l iudl' ''' (sllli(J Jin!') /t11l1rde liLiolJ i ll<Jl~X U" II ( t1 i1.~ I Il '( l l i ll l') rur
the period slimming J!')(i2 " l!J8ii. T lu'lj{' irUII'X l '1l haw Jw('n 1I11l"lwdi:<I'11
by t he maxinllllll llU t ha1 iudl'XI'S vary IH'tWl'l'1I (J amI I. Il l ~n ' H",.
repr esents model runs IJt'gillllj ll~ I Apr il.
a.1 Top 50 111 vertical averugerl hcrizcntal vdl/f il it·s Imm t l l (~ Sprillp; Dill/.("




:i,:l lJ i Vl ~IW 'lWl ~ lid ll fur Flgur« :1.1 T ill' so lid HIli' indica tes a contour of 5
x JlJ - ~ s- l allll the dotted l illl~ iudlc at es a conto ur of -Ii x 10- 11 s- t.
T Ill' daslU'll lim~ is tlu- !iOn 1I1 isoha th .
:l.:i Mudd pllrt id t' dri fl paths (t hick line) show n with t ho corresponding
(J los(~rv(~1 dn!g lwd drifl (' r Illllh s (thin line]. (a) using s l from OP EN !lI
,lriftt'r ,Iala . (h) using s:l [rom OP F;N !1l dellter (la l il,
:IA (a) IO Itludd ,Irifll' r l rack:! for each release silt" (51 and 52). (b) lni tia l
rt· I (·il.~l·sitl,s ( (Il ) and drift t' r location after 100 days. X'» mark location
45
so
for tlu~ no-wind t'ast~, U ' I! mar k fin a l locat ion for cases with wind . 52
;\"", [a] f:r id of lilt' '" ,1000 release loca tions for model par tieles seeded
uniformly rwlw(~'n ;104 ~ and :J I 'I ~E , 45° a nd 5-i°N every 0.15°. (1)
I'ullit ioll of pnrt id ,'s subjected to mean current field for 50 days. (e)
l'osition of parl iclt'Ssuhjt't:l t'd to mean current field for 100 days. (II)
Posit ion of part idt !Ssllhjectc<1 to mean curr ent field, winds for 1992
iII,,1 t]ilrllsioll rur 10011ays.
viii
55
a.o Cont ours of dlstanres tra\'l'1hl hy p<l rtid\~ ill r,{)days sl ,u·t,inp; I Ap.'iL
Solid line is 100 km contou r, d,.sht'll line is lr,ll kill coutour, c1 ' lslw,l·
dotted linl' is 200 kill contour and l1w llotl.t'd lim- is :Jr,llIWI "Oll IMIlL
(a) represents lilt' 1I1(' , U1 llow('iL~I' wit h no win d , (11)illdu II.,s in ndlli1.ioll
lns,! winds ami (c) inrfndcs in addition om::!winds .
:1.7 Conto urs of tlislan Cl'S lravd l\'ll by parlidl 'S ill !ill ,lays li1.ar l.i1l1l; I Apr il.
Suli,l lim' is ::!"O km contour, dash.',l lim' is :I!lll km \"\lUI,OUT. lhL~ l ll'l l ·
dotted li ur- is :I.'iO km rout our and ti ll' do11.1·c1 line is ,ItJO km contour .
(a) r('prl'SI'lIts lilt' 1Il1'IUllInw ('i'S(~ with 110 wind, [h] ind utl,·s ill ilddil.i"n
]98<1 winds, (e) includes in addi t ioll !!1!I2winds,
3,8 Sub-re gions ddi lll'll to look ill. llll' spilti al dmrad l'.' IIr I'ar tk ll' d is!,l'r -
till
Ii!
:).10 Location of pilrtidl"~ sl,C'd('d il l Shillll,1I r"g iullS a(l"r!in ,litys uf dri fl. fi?
:).11 Location of l'a rtirh"~ S('l'lhl ill sh adl'il rl',l~i(J lI s artl~ r lUll ,Iays uf drift. fiX
:J.j 2 Locat ion of parficb-s sl'l'd('c1 ill sll1ult'il n'p;iolls ;trtl~r I[JII llays ur (Irift . li!I
:ua lnulellocanon of J1iLrtkll's ~ hat an- ill sluull'd rl ~ll;i tJ llS i~t r,1Idays. . . 7:1
:1.1<1 [uilil tIIOl'atiu ll of llilrtid\ ,s ~liiLt an ' ill 1'1111111·<1 n 'p;iollHat ]lUI(lays. 7<1
ix
:1.1:, lui t ial IIII:a1ill11 of )Iit l' l i d l~ ill shaded n'g iull:l HI end Ii':.:! ILL 50 days (a
lLII ,II.) 111111 al IUUdlLY~ [c uudII).
:1.1 Ii Nll lIIlll'I' IIf pilTli ,.JI '~ i ll ~ i ( ll' different rt ~gion~ a ft,'r 50 da ys. TIll' ~rlLph
rl'l'n'>;I'!I 1s ti ll' IIWiUI of 10 roalisatlons . TIll" horizonta l lim- indica tes
I.ILl' 1I11 111lll'r IIf 111Ll'lkll's in l.1w regiun in the ahsl' ucl' of win d forcing
anddillusiou.
:U7 Nuurlx-r IIf pllrticl,~ inside ~pl"Cili c regions at 100 days. The gmllh
rI'jJrt'st'li ls tIll' 111I 'lln of 10 realis ations . TI ll" horizontal line indicates
till ' uutulu-r lIf partie l,,>;ill Llu-region in tI ll" ahs (' UC" of wind forcing
al1d llifrnsillll.
a.lx NIl I1,ll(~I,tJfparlidl's i'lsid.. sJlI,rjlic n ·giolls al !iOdays fur 10 rcalisutions.
Tho htJriztllltoLl line represents tlw no-wind case.
:t! !l Number of pa rt idl' s insidl' specifi c reg ions aft t-r 100 days (or 10 reali-






a,:!11 (a ) H,' I"HSt., !t:<'atiolls of IJal"t iell:" flaldws. [h ] Location of 'extended
[li ltdl ' fo r 1'1, I'li 11 1111 p7 aftor 25 days of d r ift. The 'ex tended pa tch '
is t Ill' Sl't of i111 pvi llls in a patch released in all 40 years of the 100
<III)' mcrk-l lirift runs. The 'extended patches' are encom passed by a
Jlul)'~ull from tIll' ,e;t'u lIwtric aI'l'iL routi ne [see Appendix C), 88
:1.21 Location o f 'extended patch ' for pau-lu-s Il l , pi; end pi (sl1l,11 1 dols )
afl,'r 2G, GOand 7!J da)'s uf drift . !lIi ti i~' ~ , ;.t.-h IUl'<\tiHlI (thirk duls) is
shown for th ,' 25 day plots (a,1Iam i c}, 'I'll,' " 'Xl"llll,',l lliltdl' is t.h,' sl' l
o f a ll points ill a Piltt'h rt' h'l~~'( 1 over ti lt' -Illy" iIr mudd Pill . !ll
:1.22 Surfa ce area (SI' I' Appendix C) uf l'xt "ntl" ,1 patdll's V, ' I'SILS da y uf 11 1lllt,!
rim. (a) for extended pa1r!l, 's of paldll's pi , pH uud pi . (ll) for ex -
tended pat ches Ilf pat d wlI p i , pt, p:\, p4 mill pf!. .
C .l Poin ts ii (I'i:'d ,~ ) whi rl. spa ll ,~11 an-a measured on 111l'" ;II'I,II' s sur r,U"" .
C.2 TIll' C O ll W X Hull ur f>: '1'111' two v,'rt i , ~, 'l< l11 ilrk,·c! hy " 1"' .["r I,ll lilt'
longest l'd~t" iW tl' ft'rs to lh l' Ilt'x l iuterlor puint 1.u lit ' ad,I,·,1 ttl t ilt'
COllV"'X Hul]. TIll' uxes art" lIl" sault' as ill Fip;lll'I'( :. 1.
C.:] Filial polygon c: surr ouudlug till' lil,t uf points P. '1'111' il r l'i\ of 1I1l'
polygon rc P l't's l'll ls LIlt' an' a of thl' St'l uf poin ts P. TIlt' axc'l<an ' Llu-




CA I{t~Jl1;Ll~i IlA tho I UlI gt,~ t edge of t he convex hull (1s t ite ration]. Axes are
ill C,lrt l'lliall 1 :(JO rtl i ll a lt~ of kill. C, is at the origi n. (:1+1 is on the
huri".(Jntal axis. Ti le dolled oirele represents the closest inte rior point
t ll1~t satislit~s th t~ 111'1'0' vert ex crit erion for t he longest edge~. 116
C,."i I{"p lad ng longest edge of t h(~ convex hull (2nd iteration] 117
C.fi Arl~a Caklliation : The area of the polygon C [clot ted das hed line] is
1·llklllal,· d hy sllhlraeti np;t he triangular shaded areas {rum t he area, of
therouvex hull lsolidlinc] .
<:.7 A spllt'ril-al tr iangle: Till' circle represents lhl' sphe re's centre, ni's art'
t ill! lut eriur ang ll's of ti le sp herical t riangle , O;'s ar e t he angles of the
grt'llt ei rd l' route hciw ccn t wo vertices a ll the sp he rical t riangle and
l~'s art ~ 11 1t~ vI' rtir(~s of L h l~ ~ pllC riral triangle. ,i; "'" (.\j, rjJ j, R) where
i E (1,2 , :J).
e.s 20 tlllYs afte r release, area of polygon 77:18 klll ~ (solid line) , area of
convex hull 8965 km~ (das hed dott ed Hue}, area of s ta nd ard deviation
G.II ."i0 days after release, area of polygon 9009 krn2 [sol id line), area of





C.10 80 days after rdt"a~I', aroa of polygon 4194 km 'l [solid lim' ), lIft'a uf
convex hull 677 1 kmt (da shed dettcdline] , an-a uf standard rh-viatiou
ellipse2241 km t (dots ). I:W
(Ll l 120 day s after release , area of 1l01y,e;OIl :J."i IH kilit (solitl lluc], arm " f
convex hull 601,1km" (dashod (loUt'tl lhlt' l , nt'l 'll uf sla lltl,u·t! tlc·viill.iull







U.12 Ralio of~ , 12 w rtkt,s cut of 36 puints
e.I:1Ratio of t, 18 vertices out of:j(i po ints
G.14 Ratio of ~ , 24 vertice s out of :lfi po ints
(;.15 Ratio of I, :m vl~rtic{'s out of :IIipolnts
C.lG Ratio of ~ , 24 vertices oiu of 7'1. poi nts, awn:
G.17 Ratio of h :U.lvertices out uf 72 points
G. IS Ratio o f ~ , 42 vertices out of 72 poi1\ I.~. " t' rl' it is tilt' IIt'W vertex
cr iter ion that limit th« numberof vl·rtk t·s nnd uot t h(~ rario. ra'2
C, I9 Ra t io (f t, 42 v('rt in-s out of 72 IJoints ; I/ t'rl ' it is lilt' now v.. rtex
cr iterlou that limit t he number of vfjrt ices Mid net t ill' I'lllifJ. 1:11
G.20 Po lygon routineIor-t dHrcrcnl mjuimlllllill lf~rion~Il,e;lt.s{j , # = (Il", 2U", <I ll" ,fill").
T he change ill area of the polygo n with WSpPt:t to t ilt! pulYl(lJ1I wlrh
fi =00 is 1% for Ii = :lO,4% for {j =,10 and l:l% lor fi:; 1.0, I:l i,
xiii
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NIIIlll'rir al l11Olld ling ill physical oceanography is a fundam ental tool for unders tand -
i ll~ t1 1l~ proper ty dist.rihu tiuns and circulation of sell wat er . Il can be help ful in thl.'
lnterpn-tation of spnlilllly and te tupc rully limi ted observat ions of cir-ulafion. How-
{'VI'f , a fI' I>r~ I'll tl~ti vl' mo del of ocea n currents mu st be based upon obser vat ions. Since
WI' n Ulllol resolve physical processes continuously in t ime and space, we ar e rest ricted
t tl describing ti lt>processes th at t he model and obser vations call resolve. Suc h models
may Ill', illitiidly at' ll'ast , somewhat simplistic. However, they can span a range of
t i l1U'" th']l{'lll ll'll l l~U l11 pO lJell t s (If the real now ove r a broad spatia l scale. Applications
of ocea n r ir eulat ion models include eulmuCl'd srure-h allli l'l'SCUt' llpt'f;lliOllS, d c'LI'Tlll i.
nation of oil spill trajecto ries, improved ( tl'si~ l1 s of ollshon- s l l"llt' l urt'S nlll IIlSSI'l\Slll.' n l
of the env ironmental impad of elu-rnical sp ills,
Ocean circulation models arc also m dlll in rildll'ri l's UI·t'ltlluJl;rnphy, O Ut' pussill]"
lIJlplicat ioll or such models is ill till' a.<;SI'SSIl1l'I1 lor tlu- snn'l 'SS " f spilwllinp; s l m l'l',l!;il'S
or fish . In the simples t models, t'~S and larviu' may Ilt' I n 'a l l'll as pas.o;ivl' elrin l'fl'!,
Egg am] lar val dr irl tl"tI~rll1 il1t,s if lur vue n 'ill'h s ll ili~ bl l' nursery p;ru lllllls , tll" l"d,y
illrrf'a.si n~ t heir chanre or survival ( Hjor t I!II 'I ). W llill' tlu- l'h ylti.-a1 r-uvlrunnu-ut
play s all im portant roll' , biologiralprceceses surh ilS pn~l lalic lIl aliII (irsl. r('('din,!!; ,'allll ut
be ueg lcuted in providillF; a n ex planation of larval su rv iva l. Bl'furt , i ll t'! lItlil1~ tllI',<;"
biological prun~s sc's in a 1l1001d , it is cUIIsLrurlivl' 10 look lirsL ut how euvirounu-utul
var iab ilit y r a n influence n fish pupnlafion.
In t his the si s, WI' explore ,lirl'rl lillk s hdwl't' li cnvironnu-ntnl ver iuhllity and tllt'
spawm.ig success uf a rod populat ion, We:look fi r~L aL II. ~i lll pl l ' 1UliLlyti,' ,,1 1Ilu<ld of
Rdvl~tion of ~~Q(l I~AAS and larvae. We t hen l, r lWI't 't l LII Rpply n drt ,u lnLiull 1I1urld of tilt'
Northeast Newfouudland shelf La examiu« tIll' slwr,'ss of , liffl'w llt Sl'iLWllillll;IIl ra l.l',u;il's
for Nort hern Cod ( Gadll,~ mo ,/m a in NArO di vision :UaKL).
1.2 Circulation on the Newfoundland Shelf
Tlll~ Now fcuudlnud uud Labrador Shelf is 0 111' of the broadest ront iuental 8111'1111'5 all
Earth (Figurl' 1.1). ll, rllugps from lludsou Strait La t he ta il of 1I1eGraud Banks
aloll~ LlH~ eastern CWlo"ts IIf Labrador and Newfoundland. The oce an ci rculation ill
lIJis rql;iull WiL" tirsl (l(~r.ri lll'(1 by Smit h ct al. (19:17) t hrough work car ried out by
tl ll ~ Iutenmtl uual If(' Pat rol (liP) . The source water of the Labrador Current is a
romhiuution of the wid and fresh Damn Land Current ( < -l aC, :la.a - :la.1i ppt]
with Hudson Hey outflow for the inner shelf region « laC, :!a.o ppt), (Smith rt ai.
1!1;17) and ;~ comhinaLion of ti ll' Ba ffin Land Cur rent wit h the warmer, sa ltier (;]- 4QC,
:H.H 1'1)l) WI'llt (Ireonlnud Gum'lll 011 t[\l~ outer shelf region [Kollemeyer rl al 1967,
SlI1itll rl ai. If!:17). The cor.erihuticn of the West f: reelllall<1 Cu rrellt to tile total
transport of tlw Labrador Currellt is a pproximately 10% (SutclifTed al. 198:J). The
La hn tdor Cllm'ntllow~ southward from Hudson St rai t a lollg t he Labrador Coast and
'.ppnars us two brunches at Hamilton Bank. (Smith cI a, . 1937, Lazie r a nd Wright
199:1). TIJ(' ma in branch of the Lab rador Current flows over the upper shel f break
Iollowing t he flQO III bo lJat h (Figure 1.1) an d contains 90% of the total transport of
.'i· ll Sv [Moynihan and Andl'Tsoll 1971, Petrie and Auder son 1983)( 1 Sv = 106nr1s - I ) .
T Ill' main brand! i~ a narrow jet of water 50 kill in width (Lazier and Wr igh t 1993)
coincid ing with 1\ stron g c!t'llsity fruflt (Smill l c/ (If. 1fJ:17, Allt'll Wi!'. !.1t7.ic'r m ul
Wrigh t 1993) di viding the brackis h, cold shelf wall'r,~ frum llll' warnu-r, sllll il'r Nort.h
Atlantic waters ,
J ust north of t he Craml Bunks, tlw La hl'lulul' ('111"'1'111 splits into t llf{'" pa rts ,
flowing thro ug h the Avalon Cllalllll'l with O.li Sv (' 't·t d,· and Allclc'TSUll IlIS:l), tht ·
Flem ish Pass wit h ,1.2 Sv (Gf{'t'ulll'rg ami Pd rit' I!ISS) uml "i111 tWllrllly nort h of tl U'
Flemish Cap {Mat hews 19(4) wit h :1.2 Sv (C: rl~I'llllt'r~ '\I111 !'.·trip 1!IXX). CIlITl'll tS
on lll{' G ran d Banks a re inl'gu!; (r aml wr-ak (tIl' YOll11~ ,ulll Ta uI'; I!JSS). Driftt'r al ill
irc·bel'g st udies on t he Gra nd Hank s ( Pdril' I!JSIi. Pdrit ~ and Isc'nur HlH!"l) iud ie-atl'
no ch-ar menu circulati on pattel'll 0 11 tht~ Grand Bnuks, alt hough t lwy .10 !,oin t ttl
a ge nerally so ut herly flow the re, Some of thl' wl'st wlln l !lUI'.' north of Flemish ( :111
circulates an ticy clonically aro uml Fkuu ish Ca p a lit! rl ~jui lls llll ~ malnbrune-h that l'l1llH'
through the Flemish Pass, At t lw southern P il ei of 1I11' Gml1c1 Ban ks, it rrad ilm IIf t ilt!
mai n branc h flow is l'n t raillt'eI dlrcctly inlo t1w t: ulf Sl n' lllll nml tl U' Nur1.h At lnlllk
Cu rrent. T he retuainlugS Hv ( McLellan W."i7) flows wl'stwards ulf t h l~ sUlltlll'r11 Hank
of t he (lrnnd Ban ks (Chapman and Bl1ardslcy IflX!I).
T he re ha ve been several circulat ion lllodd s tu c''';lllniu f lifrl ~J'l ~ll t fc'at lln' s of L1u ~
Lab rador Current. Ohservation s or significa nt hullo l1l vd udtif's fClr t l l f ~ mail! all/I













Figllw 1.1: Dvervlewof the Newfoundland Shelf region. \VB refers to Whale Bank.
er TerN S to Capt' Freels , and l'S refers to Cape St . Francis.
.,
to the Newfoun dland s helf elrr-ulntlon. Bottom Vt,lul'itit's 1,lml1lp;h Fh'mish l'nss 'In'
roughly 80% of t he uu-nn lluw though t ilt' I'm;.~ . T IU'hawlrupk Ilwcl,,1'1IlHlil.lll.i\'t'ly
describes till' <.'i ITIlI'll ion Ill! t ilt' NI'wfolll\dlllllc! Slwlr with till' inshon- alld ulrshol'l'
hruurh, 115 well as How throug h t ill' Avalon (lluuuu-l ,11 ,,1 t.lle' FI,'misll 1'1iSS ilrtlllilll l ll\'
Grand Bunks. Model flowVII l ilt' {leuud Hunks is wea k imd \\·c'sLwanls . tvkm<lIrt'lIIt'lIts
of modelled t ransport. and nh~wrVl'd transport showed rt'lIsUll1Ib lt· a~n 'I 'lm' lIl" While'
lIw baro tropic mudd approach oxplaius Slllll "tlf ti ll' ~c' lH' rill "irrll lll,l iull r,'at ll l",'sllu l.Ill'
Newfoundland Shell,such as topographically ~ t C'C'rt '{l How, it im-h..1c's Ill'i t lwr density
gradients 1101' S(,iL'>Ull id d(~lIsily variatiolLs. Sutd lit" illl ' IP;''N shu..... i ll ,l1; ILmllllill illllS <If
pack icc edges with ho rizontal lenglh lind( ' of 7r, kill uhove tlu- m nill brunch or tl1l'
Labrador Cur ren t 011 four rolls,~r. ll tivt, winter day s lUlAA('sl h,~rud i ni( " ill "~ I, ahi li ly a !.
the slwlf break ( Lemond 1982). III tlw Ava[ull C ll1l lnd, d ll rill~ p,'d",ls ,,1' iw n'Hsl,d
sl rali fir.alion t he !low is lmrocllnlrully 1I 11 .~ l 'lhl ( ' (!\ n,I,'rsOlI 1!J~(j) .
Th,~ temperatu re and salinit y [ump lll'twc'('11shelf Wll11 ~rll ,ulll Nurth Atla llt i, '
water s is a bo u t ;J'e a nd I ppt fI',~]l ('divdy. Shelf water salillily vllrit,s p;w,llly ,hi" to
spring freshwate r runoff ,IS well ,IS llwllill/!; "f St'a leo. Harmoui«an alysis "r , la1.i~ Irum
Stillion '27 in t he Avalo n Chlllll11'1 hy I'l'l r il' ,"t el, (l!J!lJ) fl'vl'alll thal1.ht, IlIlIplil,1l'Il"
of the seaso na l cycle ut Llu1surfill '" is 7"<: and 0 .7 ppl fur ll 'lllp t' ratlln~ aw l silliuity
respectively, Th e sl'as tlllal variiLticlIllI dt'eH~IL~(1 g rc'al ly with depth, Sll 1.llIlt a t til('
" utt UIil Clf1.l1t' AVl,IulI Challllf' l, temper ature a nd salinity vary only slightly during
t in' y('<Lr lJy 1°C and U. I ppt f('Slll'.~tivd y, Noting the salinity min imum at Stat ion
'l.7 ill S"lll"II1Ill'1" ill 1I1l'Avalon Chanud , Hailey ( HJ61) reasoned that the 1)IIIk of low
salinity wat..'r fJrip;irl1Lt, ·,r from Southern Labrador , assuming an adv..ction velocity
of III n IL «- ". DfJllblinp; tld s velocity to 20 em s- ' would mean th at the fresh wat er
lJri,!!,i.'lit"d fnllll l l.~ fa r north as Davis Strai t [Pet rie and Andorso u 198;1). Myl'l'Set al.
(I!J!JO) nm llll1.f{'{1sllrfa.",. sal ini ty al Sta tion 27 with Hudson Bay runoff, Uugava !jay
runoff 111111 h-c-un-lton lin ' Nvwfouudlnnd ami Labrador Sh..I(, They conclu de that ice-
IlId t uu tI" , Newfuundlundand Labrador Shoif is tlu- I('a, ling cause uf t he September
saliHily minimum at St at ion :n. Hudson Hayalld Ungava Bay runoff had litt le effect
till Sta tioll '1.7salinit y. Thu s {'1Lf:h spr ing a pulse uf fll'sll water stem ming Irom spr ing
rllllulf 111111 h-e 1l1l'lti np; is advccted down the Lab rador and Newfoundland Shelf. On
t ill' slu-H, tIll' rokl frl'Sh wate r layer reaches down to aro und 200 III while uuderueath
Iii'Swunner hut ~Id ti (' r water lhal 1111." been a dvecterl from offshore (Leelcr and Wright
1!l!J:J). ]) lIrill~ t il<'NlI 1II 111" r, I.ht· surface heats lip, leaving a cold arctic water layer
ltl mid ,1l'pUlI". t.lu- Cold In1...rllu..liate Layer (Pe trie d uf. 1992). This layer of cold
Will,l'r is lhoup;ht to alfel't t hl' migra tion and dis t ribution of cod [Templeman 19(6).
Variability or th e Labrado r C11rlX'l1t is probably qui ll" significant. T he seasonal
\';,ri"l.iolls of till' lluw an' comparable to t he mean 1I0w (Laaier and Wright IH9:l).
The main br anch of the Lab rador Currt'nl. shows n mlnlnuuu in wllll'i ty ill Murch
and April aIHI a maximum ill October (La;.:it'!"ami Wrip;ht 1!1!l:J). Tile' v"riittiu ll ill
lota l flow which rt'iU".I ws 5 Sv ill rallllt,1! by tlw .Joint Elfl'r l. IIf Harudin ki ty mil! Ih ' lil{
(.IE BA R) [Laz ier and Wright 199:1). T his variation is prn hllhly dnvcu by l\ 1e ~ sLrnnl':
seasonal cyclo ill Iresh water flux into the Labrador C lll"l"t'n l , sillt'l, fl"t's llt'niIiA\>f1,11l'
she lf watl>rl! tlrawl! ill water frum olfs hllrl' . A!l hnllAh wind furd np; Il Hl Y nut 1I1fe'do
the Ilt~t trallSPUl"t IIf t l.., Labrador cur rent , it r-an n ' rt "ill ly shift. till' l'" sil.iull ur t ill'
ve ry narrow (50 km) m ain brunch of Lln-La lJraelllr Cllrrt 'n l with r,'s lwd to !,,,Uu m
topography.
Ollt· way 1.0 account for density Ircnt s ill it circnlatlou IlIlIIlt,! is loy c1ia,e;tltlsiu/I;
tilt' circulation Irom a given tl l ~lI si ty lield ( t l t~ YUlIl1R 1"1 d . 1!I!J:la ). 'I'bey US,"! a ll
objectively analysed set of seusonully blnnerlohSl'rvati u lis Fnuu all availa l,lt, , la ta rtlr
the Nort hwest Atla ntic frum 1910 ttl IlIS!1 (.1" YOllllR rt. nl. 1!l!J1h). elL... ' w;~~ litkl'lI
to ensu re t hat tho strong density gradients 1~'tSUl~illtl'( l with ti lt' muiu bnuwl l ur tIll'
this lIt'usily fid ely idtls lL steady stau-, :i-IJ (~ lIrr< 'lIl Hehl t rlut 1'f'l' ro'!'i/·lIl.s I.Ill' "~";~'(" lIill
averaged flow over It period of 7f1years. TIll! n':>' lllt; t1RI!llrfllt~" dr/:ulati! m lij.jtl ;.~ N; lIlilllt
to thllt of Gn'Cube rg and P.-M il' ( 1988), lhlls .~ll~,l!;I'Sli ll,l!; t hat ll p ~t rl ·1l.I1l b"l lll,IIl1Y
con dit ions and topogf'l phy s l e'('rillg domiuato in dd~~r Jlli ll ill~ l l ll~ d ...:ulht iwi l'il tLNII
in this l"l 'p;ion,
'1'0 (1II.ll~, tlll'rll havo IWI'II no sheJ( circulation models for the Newfoundland
Slllo[f t hat lwrrnil resolut ion of haror.linie-illslahility.dr ivl,n-eddies. This would be
1I 1~( ' I 'ssary to rl'sulvl' tho li n1t~d(1jJl~lld(ml variations that have amplitudes of t im order
of ll ,, ~ IIWII.n llowof ti ll' Labrador Current main branch. For lim present we must
Ilt ~ ( :II11 ll ~nt with ( l i agll( ~~tk or barot ropic models. We have briefly summarised the
llydrop;raphk environment o( the Newfoundland and Labra do r Shelf, as well as some
nf tl ll~ I11 lJIld s th'l>il:r ihinp; t he circulation for this shel f. Our main regional focus is
l ite NUl'tllI'ast Newfoundland SluM, for which we shall exam ine the link between
circulation and dispersion of cod eggs.
1.3 Biology of northern cod
Al1illltk 1'011 , (; ndll.q M OI'hun, lire adapted for bottom feeding, living in waters ranging
(mill till' l'Uol'll'lll lwra k to suba rtic waters and are found ill dept h~. ranging (1'0 111the
Surral" to -1M III (Scott an d Scott 1988). On the Nort heast Newfound land Shelf,
cod mainly spawn close to tbe bottom near the sh elf break ill water dept hs greater
th an 'l.'iO III wilh 1ll\lhil'llt temporatun-s aro und 3°C [Temp leman 19tH). Spawni ng
ti llll's ext end Iroru Ap ril to .luly ( MYI~rs fI al. 199:1). On average a female cod may
release ~ million c'ggs per hatch several times 11e '1' spll.lVnill~ Sl'<L~OIl ( I\j t'!lhu I!IXX),
Survival rates for t'ggs anti larvae urn very low, with, perhnps, only Olll' t'~~ ill a
million surviv ing to the ad ult stuge. Eggs art' positively bllnyan!. und start dsil\~
slowly ill the water column. EU density vJ\l' i t,.~ with lIurrotttu liul'; water Ilt'l t~i ty atlll
,1('nl>lL~es with developmcut fAuderson nnd dc' YOIl IlI';HI!H). III fl l.!l III days, q!,~s riSt,
int o the top SO111 layer of l!1{' ocea n (And erson and elc' YUll n~ IfI!H). The' t'AA sl ;t~I'
ends al hatching, which occurs afte r ,10days ill 0°(: water atllillftt'r :!UII1IyS in 'l"C
water (Page and Frank 1!l8!)). At hat ching, tlw yolk sar-k is tl ll 'll tlly liUllrl'l' of C'lI1'rJtY
r· . lite larvae for the next Ii days, i~f1,t't' which larvae mtlst fll r;~~I ' UI' sl.al'Vl', FIll' I'url
on the NOl'th~ast Newfoundland slwl r, th en- is i~ Ill'ar th IIf infcrum ticn unt ltt' Vt'l'ti"1l1
dist ribu tion of cod eggs and larvae ( lJd hip; rt rd. I!J!rl ). Uivt'tlt lu' IItm tili1-ill.iun uml
t he vet-tical diffuslviry of a water column , WI'van prt 'did larva e' nml C'AA tlilll.l"ibut iull
if we know t1w egg or larval density [Auderson and tiel YlI lIl1~ I!J!JIj, I{jl'slJII 1!l!J'l)
as well as tll(· swimming ability of the h~rViU" (SdllflUli 1'1 ul. !!J!J:I) . Fnuu t'AA lIn,1
larval densltles, W(' ran infer t llat healthy l'g~~ prjnr ttl hatdlitt,l!; and larvlu' 1~1'l~ ill
the sur face layer for most waters on t1 11 ~ sluM, Larval mohllity is very limitetl ( $ fJ,:l
cm s- I ) (Sclafani tt a1. l!J9:I).
Metamorphosisof cod larvat1intu [uveni]o fish is a /(mduul pr<"~I'SS lll..t may b•.
demarcated hy the <lesrent of la rvae uut of Uw sllrfat:t11ayt'r ( l't~IJi'l aud MY1 ~/"H If'!JI).
10
TlI 1 .~ 11 " sl:l~n t lJcr ll rs !i tu !J IIUJllth s a ftt'r s pa wning (BroWII ct al. 1989). Ju veniles differ
(ro11l 1"1,,lts fly rt',ulily wilhstillirlillg sub zero d(~p.:rt't.'_~ water due to higher production
of allti-rfl,(':Wproteins (Goddard rI al. 19!1:l) . This enables th em to overwinter in the
l:ul,1 iushcre wa ter of NI~Wr(JlIlld la ll d bays. Juvenilesdo not associate wit h adult cod
l l ll l ~ tu predat ion risk , hil t by ag( ~ tlncc t hey join the adult cod population and become
I mrV(~~l. ilhh· by LIlt' fishery. Tlu~ newly recr uited cod do 1I0 t rea ch full maturity till
ap;t' 7 (llim is rt. Ill. Ill!}1), when they become reasonably proficient spawne rs. Cod
ill na ture may ft'lu:h ti ll! agt~ or 2!i or older ill the absence o r a fishery. Northern Cod
Ili\V( ~ 1 "~ '1l ohsl.'Twd to llligrat<~ and spawn in large gruups (Rose 199:1).
A ,l!;ftlllp or rod th a t spawn togct hel' is re fer red La as a popu lation. A stock
may III' f\ltllJlo:;I ~1 IIf OIH' or me re populations. The physical requir eme nts for th e
spawniu,!!; ground or i t popula tion is th at the re be a current sys tem that tra nsport s
t'MS lind Inrviu' to suit able nursery grounds (lies a mi Sinelalr 1982). T he size of the
population rlcpends upon tln- size of the spawning ground s as well as the charec-
tl'rist irs of tl\l' cur rent. On t llP Newfoundland ~heIr, favourable spawning locations
an' rl'AiullS from which fPh'il.sel! I'ggs ami larvae a rc retained shoreward from the 500
III isobath. Va riahility ill tIll" sle« of t he retention zone du e to variable wind driven
uurrcuts, buoyancy driven currents and lime of spawning may reflect variability in
tl H~ rccrnltuu-ut to that population. Suitable spawning environ ment s are spatial and
I I
temporal win dows of cpportunlty, ill which 1.111' survival SlllTI '~S of tlu- yenr d il SS is
determined [ Bakuu rI af. (982).
1.4 Modelling Larval Dispersion
Many studies rega rd ing t ill' links hotw een retention uf ],lrV,lI' and UII' l'llVirulillWllt
ha ve been ear ricll ou l for ~eV<'ral Slwdl'S of Hsh Ilutsillt· uf t ill' Lalu'ador nm] New-
foundland shelf region. Lc r-ation an ti riming orspuwu iu~ wit h fe·SIIl'I·t to hytlrudy-
namie Ieat ures is im purtant in t' nsll ri llll; lfim spurl Irum t ill' Sl'ilWll iuJl; ).!; rwlIl ,ls til t Ilt'
nursery grounds wherelarv,lI' aml juvenilos ma y grow (llj url 1!1I..J, lit's iUl.1S:lld llir
1988, de Young and HO!iI~ 1rJ!);j ),
Willil driven currents ma y lie' i llljJurlili lL to lilrva l lnmsl' u rl.. Ne·l.so 11 rt. /II. ( J!J7ti)
oil-shelf transport corn-spom l to ycnra (If guot! rt'l:ruit nwlIl . II! i~ st udy (Ill ,IaI'ILIU·St·
sardine lar val t ra ns port with fl'llped to tht~ Knroshlu <:llrrt' lll, I\wlai d ,d, (I!J!I'l)
showed that offshore Ekma n transport a lltl spaw ning c1 i s l ,u u:( ~ from thl' 1( lIrtJshiClaxis
were important factors in enabling larva« lo r<'I«:h t.lldr nursery p;rollll'ls.
For North Sell h(>rri ll~ (ell",rt! Iwrr/t91tJ< I,,), Ba1"l~rh d'll. ( I!lH!J) u:-«~d I~:l
Il illlt ~II Sio llal bawdiuk eirculation model to illu sttatl~ the eastward advection of her-
riUKlarvae. Their nonlinearmodel was forced by seasonal mean den sities, t hree hour
will/Is, thm~ hour IJwss..n ~ fidd s as well as t he M~ t hle. T racers with a given diurnal
v('rlin tl lIIil!: ral ioll IYI' tl ~ ;t1 sl'rll'!(! into llll' model now fidd to simulate hf'rrillg larvae.
'I'hl' aul.lulrs 1Y1't(, allle' to Sil1ll1latl ' the drirt of larvae from northeast Scotland and the
Yorkshire roas t t el t Ill' IJall isll 1~IJ;L~t and into the German Bight , They found t hat
rur mmll'l tr;u~I ' I'S tu ontor t ill' German Bight , as observed, required adjust ment of
vt'rt,ka l mil!:rat iotl, illilir atillp;that for herring larvae in th e Nort h Sea , t he amplitude
(I [ their dinrunl wrli"al llIip;ratioll as we'll as thei r mean dep th ar.. important Iact ors
rot SIllTt'ssrulll rirt til tl ll'ir nursery I!:nJlllltls,
1-'01' fish whh repr oductive stra lt'gies such as cod where millions of eggs are 1'1'-
11'ILsl'd Froma fernuledntiug tlw sp awning seaso n, proximity to suitable concentrations
ur prey al ti llll' or first feeding is importan t, Portier d al. (1992) show tha t capeliu
(iHflll(lUll .~ lrillo.'l ll.~) and sand Ill.nrt~ (Aml1lodylrs sp. ) larvae in the ncrthwes te m Gulf
of St . Lawrourr-dependuuhip;h r-onceutratlous of prey uccurring in the GasP(~ coastal
current jd II ll d SU h~I,(] lIl'lI t lra nsp ort into t he Anti costi Gyre which is their nurser y
ground .
Tu altnulutorml am I haddock larval d rifton Georges Bank , Werner d at. (1993)
apply a ;j·t1illlt'llSiollll lllontilll!nr time-dependent diagno sti c circulation model (Lynch
rI I'll. 1991) foro-d hy lnfluwbo unda ry c'omlitiolls nud I,lli' l\ 1~ tidt'. 'I'1lt'Y 1,1'll1, tlu'
importauc'l' of hyclrOlIYIlamic fc" ,t llrl'll alit! hlrwtl Iwhal'iullr I,ll tI ll ' rl'tl'liliull of ' ·AA.~
spaw ned Oil t .ln- Nort ln-ast Peak of Gt'Ul'gl'S Hank . EMs rd t·ilsl,.1 in tlu- tllP III III
of th e water colullin are SWt'p t off tilt' AiUlI, hy thl' whul tlriw lI l'UlllIKIIlC'lIl nf llow.
Eggs released below :10 111 IHIVI' 11 gn-ato r clranre (If twin!!; rC'1 l\illt,.1UlL t in' Balik . EI!J.,'N
releasee! at 50 III are rdainl'<l. T heir model C·lI1llhl\.'lisl'll t ill! huport.aue-r- of vt'rtie'" l
rlistrl butien in the wate r column011 la rva l drift .
TIU'rt~ have been t wo prc'violls llttPlllpt s at t'xp lur iliK thc' ll1l'dmnist jc' links 1",-
tween t he envi ronmen t and tlw recruitment of n lll ill ti ll' Nr-wfuutulhunl SIlt'lf n-.
glen. Myers aud Drinkwater (1988) applied a simplo l-dinu-nsional La,l!; t .u l ~i ;t ll IlrHt
model nsiug the cross shelf Ekman COlllP tllll'llt uf vd C/d ly. "l'11I'y all c'lIll' u ..11.u lilltl
a correlat jon l)I'lwc'l'1It Ill' 1111111" ,1' or lar vae within it .'in kill clis1.1UlCt! Irorn sht ,n ' und
recruitment. Their rps ll l l~ showed li t! rd l~l i(J l1 s h i lJ , however t llt'ir ITIl't.hucl iKlItJrl,,1
along-shore currents and spatial inholllop;I'ud ty of 1lw mean llow lit'lel. Ildhi~ d ill ,
(1992) used th e baro tropi c velocity fid el tlf n rc'(!lIhc' rR 'lIJrl Pl ~t ril ' ( J!lXX)with all ad-
dit iona l wind driven com ponent of 0011' 10 "X'I111i llt! l tIL"ks uf IJiL'lsiv,' tlriftt 'r SI'c ',b l "II
the Newfouudluud shelf . TIlI'Y c1c 'Il1t11\Htratl 'd t h ,Lt, 1I1(! It t IVI..:tiulI IIf l'AAH itlill l ilr vl u ~
from th.. Nor th eas t Newfoundland Shd r lu li lt! hay~ or Ntlrtlll'IL~ t NI!wfclII lII llUlIrl re-
quired appropriate wind forcing. They also ,I" J}lollstrn 1c!t l tlm1 '11111,,1' rueun Imrutrul' ic:
Hewm,I ,~us un tIll' Ncwfouudlaud Shel f llrif t around the Gran d Banks rat her t han
Ullto tlll ~ G nu lll Banks. T his reinfor ced 1hl! hypot hesis 1hat cod on t he Nort heast
Nl'wflllllllllllru[ SIIl'If tnay Ill' twall' l! a... <l sl'par all1 pop ulat ion from COIl on th e Urand
Ballks (d 11 YOlIllK and I{USI~ [!l!l:~ ) .
1.5 Objectives of this st udy
III t his t110sis WI' a re' inl NI-st ffl! in de te rmining how physical Factors infl ue nce year 10
yl',ll' varii~lJ ilily ill survival or t he cod cggs and larvae ,
( :Imph -r:l rJT(~11 n ts It semi-anulyt.ical model or retention of larvae 0 11 the Nort h-
'-,1. .1 Newfoundland Shelf (til- Yonng an d Davidso n 1994)_ Using an idealised, ti me..
depl ~ t1dl-ll t homoge neous circ ulatio n field. we invest igate interannu al variability of
f!-tl-Illi lill of rorl I~AAS aIHIlarvae on t he shelf. We discuss t he sensit ivity of the model
lo l"tJd spawnlng loca tions. As well, we summurise 110d rrcr ui cment data for ll ll~
NurLIll'ilst Newfuundlunrl SluM.
111 I'hap Lt-r :1 IVt~ present th e numerical model used to solve t he advect ion-
dillus iou equation for a two-dimensional, time -depe ndent flow field. T he flow field
nJll~is ts uf 11 tl uu..dl'l"· lIdl'lIt, Pollar d-Millard slab model with wind-d riven curre nts,
1IIlp"r i1l1 1Il1s"d U1l a stondy st a tl' circulati on field ta ken from the diagnost ic model of
l'
<If' Young r t aI. (1!J!J:la) a!l appl il~ l ltJ l lll' Nl'wfullllllliUlll SIll'lf. W" mak e- lilli' III a
Lagrangian trarking model to l'xllmi1lI' interan1lual \,nri.1.llilily ill larval .Ir ifl IWllh!l.
To ana lyse disperslou of II IIMdl uf dri fll'!"5wr- USll' n J(l'tllllt'lr!-:al IIlI'l ho,1 tu Io:< Liwllt..,
the area and shape of II wl of Ilfissivl' d rif1l'OI. Thi!l ~l't lllll't rkill Sd ll'flll' j" I'n",,'nl,,1
ill App f'nclix G. III Clulpll 'r ;l WI' also Il j~us.~ yl'a r-lO-)'I'/Ir vlIrialitJlIs ill N·t..'uli llll IIf
I'W find larvae in tlilfl'r!'l1t slld r rl'~itln . Ilrifl tr ajt ...tllril·lI, , lis])'n"('llwlll IIf la rval' lIIlil
we idl'nt ify idf'al sp awning lor at iulls hW'll'tl Oil I'IL~si Vl' clrift,
III chapter " we ('olld lldl' with Il (lis(~ llssi till of Lilt' rl,llIli vt, I1wriLs ur Slli\Wllillp;
locations ill view orou r 1110111'1 res ult s . W" cli!l(,lIssUti' limilnl itJlIlIurlI11r 111",1.,1mil l





In til is chapter we' present an ana lyt ical soluti on to a model of retent ion of cod la r-
ViU ~ till lhl ~ N t~wroll lllll a l\(l and Labra dor shelf. The egg and larval stage is crucial
to tlw sur vival of a fish pcpulatio u (Hjort 1914, Ilea aud Sinclair 1982). Advection
mny play a n itir al role i ll their surv ival. We shall explore the fundame nta l cherec-
It' ristics tlHlt gOVl'f11ti ll' retention of cod larvae on the Newfoundland and Labrador
SluM. W'l extend a model of Kusai rt al. (1992), originally developed to explain
till' impc rtunre of SPflW lIillP; loca tions of J apanese Sard ines (Sardillops mclafloslic:us)
fur n'lt'1I1;01l of larva e shoreward from the Kuroshio Current T hey solve a one-
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dhnensional, edvcction-diffueion equation with constant vdnd ty for il ~iVl'Il illitinl
Gaussian distribution or passive t1ri(lers. TI1t'Y ,[,'lilw a 'I\,'klll;nll Hal.,.' /l liS llu'
propo-t lon or eggs and larvae shoreward rl'OI11 tlw Kuroshio( :lIl'n 'n1al. iI Ki\"'11 lillu' t,
Here, we shall extend this model by making it two-dinu'uslonalmul illl'llllinp;II. !.i1lH' -
dependent wind driven velocity ecmpouout. Wf' shall reuuuu- till' ' 1It'1. ,'n1iulI Hal(" of
I\asai rl al. \ 1992) all ' Retenrlon HiI1;u' s; nw it ('XPTI'SS"S it ratio (If ];lr vlu' TI'laillt, ,1
;11 a s pec ific an~a e ve r 1111larval'. WI' ex plore llw iufluenrc uf SPilW ll i ll ~ groum l [ne-a-
tlon, diffuslvity, size of egp; palch, lIlt' I1WI UI Labrador Current Il1lt[ th ,' wirul-driveu
current on t he retention of eod larvae Ull tIl!' Ncwfeundluml Slwlr lllrullKh til<'uS<' tJf
en nualyrical model.
Since the Newfoundland aml Labrador SluMlnllugraphy is ,~ntl1p l( ' x IIml II1f 'i\lI
flow in the region is topogra phically Slt't~Tt~I , Wf' m llsl, IlS'~ nil idf'ldiS<',1 lupugraphy.
The shelf i'! simplified 10 II. rectangular shapowith It 1( ~ lI p;l h ur lOon km mill It whlth
of 240 krn [see F'ig\l r~ 2.1). The nWl111 now of tl1l' Lahra(lur (~llI'l'('lll iMsilliplilil'll 1.u a
homogeneous flowin the along.shdf d;rt'ctioll, with It tix('11vdud ty uf lJ.~ I ll S- I . WI'
shall consider tht' now to b~ all average or 1h( ~ hurizonlal ' ~lI r rt'l1 ts over L1 w luI' ."ill Ill.
T he roteutlon ratio fl is the proportion of Iltrvll( ~ on nnr r, 'e~tllllJ.!:11 111r 1I111'U itt
,\ given time. The shd f has three UI)~ II boundurios and UlH' llIlu! 11l11l11l 11lry. W( ~
shall consider the (Irift of 11 pat ch of 1)1~'illi ve w eI '~AA'I IItlll I /lr v/l.l~ st/lrlill~ ill lllf ~
I'
I " j g ll r(~ 2.1: TIIf~ mudd domain eud axis orientation showing the shelf (shaded re-
giou] and till' direction of the lIlt'an now (o.2Q m••- I), n-l'r t'Scntin g the southeastward
"uwing Lahr adcr Cum'nt.
Nort llf'asl ronwr of the' !I1wH alld exam ine till' ment ion ra tio . For sa rd ine lar vill'
ill t l... I\utn'lhio r1lro 'cnt sYlitl'lIl, Ka.sa.i rl Ill. (1992) rcusidered t he region inshore
Irotu the~ Kuroshio current U ill iU be ing the ravourable environment for success ful
tle'v t'10JlIII'Ul of I'W and larval' . Ou t he Newfoundl and and Labrado r Sbel l, the
mai n braneh of th t' Labrado r curre nr sepa rat es th e favo urll.bll" shelf waters [rom the
It'K>! favourab le' til'!' p Or t' lU I WAlt'llI . Siuce tlil" main bran ch coincides with tlw shelf
bn-nk , WI' 1I 111 ~ li lt' slwlr hrt 'ak as t he demarrntion Z01ll1 for ret ention . Altho ugh we~
IlllvI' p;rt'lltly lIiml'lilit'tl the topography, we have 11111.intainMI t he basic feat ures of the
system; i.e., a long Ilhd r t ha t ill hundreds or kilulIlt'tn':l bn l<ul.
We shall assullI, ' that t ill' t'AA-~ an- ill ti ll' lIurfal'" Ekmlll1 I,ly,'r (1I1'U ,iA rt Ill,
to p rJOm or the wate r eolunm (Gill 1982). Al1tl"fl't}1I" 11I1 .1,' YUlllIA(I!I!J.I) ,,1I.>\v,..l
t hat eggs take up to 5·10 daya to n-ach L hc~ snrfafC' !'ly,'r, whc'n ' 11ll'Y n'l11Olill lllltil ll(L.'r
hatchi ng. TIlt' tim e from spawning to hat ch is ah llllL10-:m llay:"allhl'St' l" ll1l' l'l'lll ,IIl'lt,
Young 1••rvae cnu I", l1'I'1I1,1,1 no'! pns"i v,~ ,lrir h 'rll 1Illlil1 1lt'y art ' (ill ,lily" cl.l.
2 .2 Model D evel opment
T he lime rate of chau l;l' of larval nMlfC'u lra li ' J1I ill a ,ltivl'u volurue- j" 1"111;.1 t il till'
advectio n an d tl ifful<ion of Jar """ out of this ".. lunu-. T Ilt' lwu·. lil1lt' lIl1i"",.J iulvc"'l iulI-
dilfusioll l.'qllat ion ii'!,
iJC iJG iJC (()~ ( : i1'(:)
m+ "0; + tJTfij = ". lJ.J:"l + 0"2 (2. 1)
where C( x , y, l) ii'll'OIlI'I'nl rntioll, t is timl'. l.I(t ) itllfl ll(l} arl' l ilt' r ,mel!f nm tl,ull"ll tlt
of vejocjty and "/r, ill t1lt1ha rizontel tlilrllsivity. Th l1;Ulvt'I'liull ·,lilrtlltiull ' "lIt;lLiul1",II.




,/,,, suIVI'tl ll'1.wlHl ilJWllSio llill , advertlon- diffuslou equntiuu WI' uscthe following trans-
furmutlou ur l'llonl i lla lps,
x - l lt(f' )dl' ,
.'I -l o(t /jrll' ,
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TIl(" solutio n approarh that WI' follow is simila r to that t1l1"'11 11)' I\ Hsa i d 1/1.
( 1!192), except t hat W I' milk" f('IV !'T sil1lp lifyi n~ assumptions. \VI' ussuun-, ilS dll t lll'y,
t ha t t he in it ial diatributiou of till' spawniug l'AAS is p;i\'l' ll hy 1~ (; a llssia ll , I i.~hih lltiun,
T his produces solutions for tl 1l1n-Lentiou ra tio ill 11'r11lsof error flllll' tilllls . VII' Ilu nut
assume t hat t l u~ vd or it it,s 1t anti II an ' ro nst' \llt ill t illll' , Both vl'ludt.v l'o llllllJ!Il'lll s
art' time-dependent yet spatial ly unifor m ,
Transforming till' stuuderd solutiou of tlu- ,lilfllSillll('llllal iUlI (<!,:I) inl,u t Ill' IITi~·
C I. (-(Y - f:J+IQv(l)dl.)'l - (r. - fcf'+l" fl(I)'lIV) (<!.I I )
. =V4/1, h(7' + 10) I'XP 41~dT +IIIJ
T is t hp time aftl~ r l lll' initial s lliIwllinp; when li lt' variuurr- uf t ill' disl,rillllt iull uf t ill'
pa tch in the x anfl y direction is '11>:1,£0 ' '0 is till' 1 ill ll ~ 1ak('11 r.o I' V(JJ V( ~ ImruII sinKlIJ1Lri ly
to tilt' inilial patrh dist ribut ion, f.d l inK C\" = 4 I>:j,lu, alil l '.!It·1l ,~ i llll' l j fyir lK lIlI' s"Jrlti liu
we obtain
t 'U(l' j ill' +x o ,J"
l' v(l' lrUI +1/"
iH1<1 al1uwillK fur rofh-etlcu of l h c~ la rval pat ch al the r-oast .e = 0 gives
(' I (-(/-'/l') {(-(x-ex)') (-(X+ U)') }





wln-reII is t Ill' lillll~dq)('Jl(h'll t variance of the larval distrfhnticn, an d ex and q, are
tIlt' nmrcl illal t'll of l l ll ~ pat d centre, The rete ntion ratio is th e proporti on of ('ggs on
t h f~ llhdf to tl lt! lo tal number of eggs, and is givcu by
when- A.~ a11(1 AIOrepresent the <,.ell of the shelf and l hl" whole rt·g ioll r(,spf~ti vdy,
I is t hl' wms-shdf 1I';(11 h and lJ is 1I1ealong-shelf lengt h. Note thal t he coord inat e
system is .~d sllch t l11l1 ,// is a long-s hd f and :r is cross-shelf (Fi gu re 2.1).
Makill}!; tIll' SUllsti tulioll
tr = (y-c,vl!( va) rly ==.j(irlf7
= (;r- (·.r)/(,jil) rlJ'= .;;ill ¢>
e nd applyi ng t111~ following boundary mnditiul1s:
,lI = 0 -+ iT = -qll..;;i.
.r. = I ..... r/J = (1- f~,r ) / ,jil
x = U -+ i/J = - ('x/ ';;;'
x = l -+ 'P = (l + (~x)/fi
.r = 0 --I I{J = f:.r/.;;i
t hen tlu- retent ion rat io for the IlImM domain is
where :: is just a dumm y variable, UIt\1l l l ll ~ re ll' lIl itJII riLlio' ,pnmll's
(2.1<)
U('I' ) - ~",j (="!!. (/,-"y)) x {",j(=="- (I-ex)) +"1 (==- I/;- C") )}
- 1\ .fii.'.jii ft ' ,fii .../ii' .,fi
('_ 19)
wlU'n~ (I , ( :;I: aml (:// dl' lwIlfl O il 1', as in equations (1.12), (2.la ) ami (2. 14 ). Noll'
U lilL we i1 1l~ primarily interes te d i ll th e region close to th« shelfb reak . T he reflect ion
('uuditioll at llw r.o1H;L1i llt~ is llegligihl t~ when ccnsid-ring larval drift at the shelf break
sinn ' L1 11 ~ wind-driven current r-nnnot transport particles across th e width of th e shelf
within t1w lil llt~ fmull ' 1l1n1 WI' an ' considering, appro ximately 50 days. T he iLverage
wind-d riven (:llrl"l ~ llts arc 011 t he order or I em S- I.
2 ,3 Mode l A na lysis
Dc'lail"d ; ll fIlTll lilt;o ll ti ll tilt' spuwnlng locat ion uf (~U{I is sparse though in a summary
uf rlJll I"l'n lli t ll lt' ut and rliat r lh ut ion dr- Young and Rust' (199:1) co nclude d that most
ur 1I11' 11 llilWllillP;uceurs in water aoo-uoo III deep , near the shelf br ea k. A recen t paper
hy Hutr-hiug s and Myt'r~ (ImJ:J) (llI('lItion:; th is couehrsion, udng t rawl ea teh data to
showt lll1t ~ pitw llillp; 1'011 have also been [01111£1 on the inner par t of the shelf. We
s llllll ussntne lhat til t· major ity of rod spawn 011 ti ll' out er part o f t1w shelf, near the
s llt'lf hn-uk ('l't' lIlplt'ma n l!Jl)u). Ht'allilllH'llt tla ta for ro rupa risc u with model resu lts
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analysis (Hilborn 1\1Id Wallt' rs [992) or t ill' md ill I,ll<'2.1:11": 1. rl'p;inu (Fip;lIrl' 1.1) ..r
t he Newfoundland Slielr ( Baird rl rd. I!m:!).
Wind data IIM,t! ill t ht· modr-l WllS IlII'as '1I1'i1 .~l hourly intl 'Tvnts ut Sl. .Jllhn's.
t he ocean (de YOll11Jt rl (If. I!J!J:lb ). Willli datn. al Sl. ,luhll':-I slluw .Il;tltut ilP;I"I'I' ltll 'ul
a nd Pond (I !JS1). WI' huve filn-n-d ll l t~ wind slrt'ss data IlSillP; 1< tUW - lIi LSII lilbr, tu
remo ve energy Itt pt'riods below half n duy. T ilt" wind 111.1'I 'SS WILS OWII "u llvN tnl ttl
t lu- vcrliralllvl'Tllgcd vc~loci ty Ior tlw Ekmun Il'YI' r by
T ' (1 .211)< 111'/\ > pJII
T' (~.,, '< V I~I\" > pJII
de pt h or ti ll' Ekma n layer ILSSIIl1](' <! to IJl~ i1f111l , f is tl lI~ ' :o rio !is ]JIlrilll ldl 'r ( 1lli.S'lllWS
co ns t an t at IO-~ .~ - l ) , p is lilt' ( h ~n si ly Or SI'a wal ('r (sd nl, [1I2" kP;III-: lj iLI1'1 < 11/-:/\ >
2(;
an.1 < 1110;,., > are thl' hOTizcmlal velocit y ecmpo ueuts averaged over the depth /{ of
t il(' Ekman layer ,
T Ill' model v(duri ty Heldconsis ts of the Ekman com pone nts, wit h -0.2 IllS- I
adlll'!l to the 1) C0111jlOllCIlt to rep resent the Labrado r Curr ent. Th e t ime step ill
mud d was twd ve hours. lutegrnt ions of the reten tion ratio over time were carried
011 1. for two d rift jJl'riods of flOclays star tin!!;I Apri l and 21 May, Thes e d rift per iods
wen- dIC l'll ~ll to C'OVI~r t hc~ spa wning period of t he cod (Tem pleman 19(i6 , May 1966)
a nd tu tc ~t sc'nsiliv iLyof t hc1 mudd to t he timing of t he releas e of the patch.
TIll!starli ng l~ mass was ini t ially locate d i ll t he northeast r oruer of the mode l
dumuiu (Fi.e;HrI· ~ , :.! ) , corr esponding to ughly bel ween the south ern Lab rador shelf
nud Lll' north c'llll of 11 1 t~ Northl'u.st Newfoundland shelf. Some samp le t rajecto ries
for t hl' ('('ntw of lI H ~'lll of larval' pa tches urn she wn ill Figure' :.!.2. T he cross-shelf
C'(llllpOlll'lIl of 1Il(' wlnd-drj ven current is more impo rtant t ha n the along-shelf wind
II T i v( ~ll courponout of How in determining retention over a period of fiO days since
patc:llt's <lTC' along lIw eeetor u boundary of the shelf. T ile two plots in Figure 2.2 show
tr.~jc'duTi ( 's fill' yenrs wlu-n till' retention WIIS high (1975) and low (1981), illustrati ng
till' cliffc'n 'lle'c's in tIll' lm jc'doric'llfor t hese two years. T his particular model run is
from:.! 1 May t o 10 .luly cove-lug th e time when larval"arc present on th e shelf. T he
halfway poiut of t lw dr ift curves, marked with a circle in Figure :.!,2, show tbat 1981
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and 1975 are wry liilfl'n'nt in tho llrst hair of tlw period , hilt art- I l lli tl~ similar ill L11l'
second ha lf. Thi s sl' llsit ivily to tlu- timing of till' drift IIf larval lllll l'lil's l'ulIll' lil'" I.I'S
somewhat t ht>interpretatlou of our result s.
Figure :'.,2: Sample t rajectories of t ht> (',e;p; patch cl'lItruid fllr (al 1!17iJa wl (11) HUH,
The peri od for the simillat ion ill froru ::!iJ Ma.y tu HI.luly. TIll' llillrwiLy !,\lint. ill t ill'
slmulat lou is shown wit h II.lI open circle. T Ill' s llillll'(l un-a n ' l ln 'sPIl t.s tIll' 1l1 11 ,1r.
As a 1'l'll 'lItiotl ludex sllitah ln for romparixou wit h n'f:rllitllll'111 ,lat a WI' nVl'riI,Ur
th e n-tentlou ra tio OVIJr Ow period of the model run U"" , Thls IlVI~" IL~,'r1 rl'll,ntiull rutiu
cannot be accounted for hy IJsillAOw rd "lll iu]J mtillllt iJlld ays [l.e. H.{!ilhl )) in L]...
model run. To analyse the ,~lmsi t i v i t.y of lIw aVl:rlLl/;,'(1rd " nt.illil ratiu n ,,,,CIII') , WI'I'l" t
'"
for;" l1YI ~ll rs ill till' 11ludd Pili [(,,,,(YJ') n~;"inst horlzoutnlrliffusivity and initinllarvc!
!,'Ltd l rlllliui-l, FiAU fI' (:l,:la ) f1 ~ fl'rs I,ll an init ial startlug posit ion at tIll' shelf break lind
FiAtlrl' (:l.a ll) fdl' rs tlll 'M s ~tMt i n~ 1)0km inshore fWl11 t l1<' shelfbreak. Incn'asing t he
initial lmll'h rlLl li ll ~ f1'(llln'l';yr-er to YPMvariahility in rotent lou. Init ial patch radius is
pa rtk nlal"ly importa nt fllr patdll's init jally re-ntred at ti ll' shelf break where tlu- l'If(,r:t
uf i l wn~a."illF; t l l l~ pi,ld l rndlns inl"TI'asl's retention durin,!'; yt' lLI'S of OIlShUl'(' wind-drlvou
1 ~llr l't' liLs and dl'ITI',N'S rC'tt' lIt iu lI du ring YI'''1'li of olfshoTl'wind-driven C\lrtt'uts, For a
xmull (',I!;/!; pal l'll, rd ' 'nl10 11 of larvae OIL tIm shelf is high ly variubleNi uCt" 1111' current s
only lwt'd tOll1lvt'cLl ht, palrh slightly to " It('r the proport ion of I'AA~ 011 t l \1~ ~ hl' l f. For
u, "lIt l"l1rudiux uf !i kill, ltlt' sta nd;"rd deviation uf llw yt'urly averaged retenrion rutio
( [{",,) is O,:l wit h iLnu'un uf fl.:!, Irwf(·i1siup;!.I1t' ritd i ll~ to 100 km mist's t hn 1I11'all by
n:fad m' of:l lLJ lll fl'(!IWt'l'i lJlI' sl'/llulill'd rlovlntlcn by a Iactcr of:J. For lar val pat rhes
SI'I'(II'11lit tIll' slid f IIrl'ilk ill till' ilhst' lIcl' of lilt' cros s-shel f rompcncnt of flow, diffusion
1I11t1 patch radiu s have IIU dfl'd 011 retention. If II patch remains cen tr ed at t lw she lf
h re-ak dllUl ~ill ,l;: till' f mlilll'i or t1 11~ diflualvity ("()('/Iici l~ nt 1100'~ not a lter t he proportion
of Slll'lr hlllllllllarvlll'.
IJI ' pt ' IUl l' lH' I' 0 11 tIll' dllfuslvity (~odlicil'II L is limit ed {Figure 2,4 ). luereasiug
tlilfllSillll l h 'I'fI"l~~I'S slightly iuu-runnual variahility in retention. For years of high re-
teutlon, 11 hurhmntal diffusivity t'ol' llk i l'nt of 100 tII~!l-1 decreases the yearly aVl'filget!
F'iglln' 2.:J: lJl ' l)t' lI d l~l ll"t· of till' ilvt'ragt'tl rr-Ir-nf.inn rill,ju N,,,, lin inil iill pill,d , rit, Ji ll.~
l' fur yt'ar s 1%:1 to 1!m1 ur tIll' model run. T Ill' IIll1ll ,'1 run spilns!'ill ,lays starl.inp: I
April, III (a) initial I 'M llIilS,~ pusitiull i.~ itt l lt(1slwlr breuk. III (It) inil,iill "AA Il l i l .~S i ,~
l o ~aled 50 kill insho re from lIl l' sluM bn-ak .
retent ion rate by :1 % over 1I1t~ nun diffusivl' t·;ISI~ .
An i,n porlltlll. Iactcr I't'/l;artling rl'lI ' llti ' lli ls 101m l.il1liup;urlilJiIWllinp;, Fip;IlI'l' 1/1 ili
rhosame p lot a.s Pigur«2,:1I'Xl'l'pl. tllill. t 'll~ Il1t1l1d rU1 1!tlitrtli rIo IlilyS l'I1.,'r, 1>1 111 May
rather t han I April. Fromthe YI'iLrs 1!)."i:1 t tl IlI!l1 ti lt' stutulanl .k-vi..1.i" l1MUlIn,1 lIw
1.hul of t he period from 11 May to 10 .Iuly. This in,l i"att'S Lllal SIIOLWllillP;liIW<'I'SS early
in tl](> seas on would111' mere vilriu hll ~ than Iiltt ~ l ' ill ll lt' sllilwning SI 'iL~lJ lt . if wiu.l-drivcn
retent lon is an important radill', As wI'II, 1.I1t'rl ~ is 11 11 ,:tJl'l'd atiun hdwl 'I 'II11 ltll J..r runs
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Fip;IIl"C':JA: Delll'nd"ncc' of retent ion ratio fl a ll dilluaivity /OJ,. For (a) the in it ial egg
lllilliS l'0 :-litioll is at. till' sholf brea k. For (Il) ti ll' init ial egg 1l1<L<;S posit ion is inshore
(!iO km) from t ilt' sllt'lrhn'ak.
that st art ('arly in till' »pswuing HI',~'I01I (April-May) and those t hat sta rt flO days
lau-r. Thus 1l100h·! results llt'pl'nd strong ly 011 t ime of spawning.
W.' would like to rompa re 1Il00re! l'(' slllts to recru itment. We have developed
a l1\ut ld lll'rta illill,l!; 1,0 au idNdised spawning popul ation of COt] that spawn at the
sauli' plan' ill tlw HIIIlII' t,illll'c1tch year ill an idealised marine environment. AIUIOllgh
till' e llTrl'nls IWIY Utlt Ill' l'ntirely w i.lislic, WI' believe that t he variahility o f th(~ wind
aI, Sl. ,)uhn'/i rdll~ ts lllt' variability of wind over t he Newfoundland Shelf. Our reo
su its C'{J I\I~('J"ll i llp; rt'l l'nlioll iI]IJllies 10 cod pcpnlatlona spa wning be tween t he so ut he rn
:J1
Flguro 2.5: Silllll' as for F'i ~HrI' 2.:t hilt with model runs star liu!!;!ill days lal l' r Oil 2 1
May.
Labrador Shelf and t111~ north crul of th« Norl lll'H.',t NI'I·,.rolllllllallll SIII'If. lIowc'vl'r
the only reliable S011 rl'(\ of recrui tment infonnutlon is flU' tlU' {'ut i!"!' 2,1:11\ 1. rl'~i tl ll
(de Young and no se I ml :~ ) ,
The rec ruitment dat a used is from S1~PII' Il L iilllJup lllnti () 1I 1Ilmlysis (1lilhurll a w l
Walt ~I'S J!)92) of r-o.l ill the' 2.1:1I{1. n-gicn. A year t:1i ~~ ~ is tlu- ~rullJl of lish IUIl'I!
in the same ye ar. SI',!ucnlial population ana lys is is has(·(1on S ll lll ll1 ill~ t ~ ald l at ilJ;!; l ~
throu ghout t he yea rs for t-ach YI'ar I'. h~..s t il I'sti llla tl ' t1 1l~ uumher of fish uf II YI'ILT d a..s
1hat the e nter flshc ey at t lw ilgl ~ of :I, Fur th is analysis, it is 1I1 ·t:!·....ury Lu iL~sll lll l· illl
arbit ra ry fun cti on orage fOT thu lliLLunil lI10rta lity nf fish. T hlls tIl(' rt ·l~rIli1. It I I~ Fl l d at il
i~ a 1l .. •...surr- u r ti ll' 1I111111oI 'T.,( lisl1 t ha t ' rt"-:Tllil.' lnte tlll'lisht' ry , th a l is , fish ll mt CA n
hl~ ' -;,",;I.l . It . ,,· rllit ll,,"u l rt'pn'l'lf' lIb lIll' surv iva l :<lu' r,'M or rod , I'll UU~ pSg, larva l end
j llv'· llill' sl.aI!;'-:;'
Co.1 n ..~ru i l llwt l l . Iala ,II'r ivC'l1 Irem o":;c~rvAt iumi or t raw l ca tches is slIbjt'f':t to
lIIis r. ·lJurtillF; ,,( l rawl" r ,'nt r! lI'l1.As well,I'lr.' rls u r I1IIUlilgl'lII.' Ill. and rt'poTtill g po l i .~i l '!l
IIIlLy illsla ll tn ' rilis in 1111 ' Iial a. P rior to 1I11' I'xli'llsioll " r 1111' j u rillilir l ion of l~ohSt./I 1
wa lNs to :.!(JO m ill'./!ill 11177, IlUdN Silmpli llg and lil isn'l'rl',"I'lItalioll of catch muy heve
rt's u lll', 1ill llli s r lilssilil'lt1illil or ugr- ('.lnss!.'s prior 10 1977 (I' inho rn and Halliday WHO),
A Il l t/t of till ' f('t l 'rrtl 01l rn tju ever tilt' period 1960 to 1990 shows thr-111lt'rAII-
lIun! va riilltili ty ill t llC' rt,t!'ll li un fl.,till , nor malise..1 by tl1(, maximum si!w,' it ill tIll'
varial,i1ily ilM'U ill whirl l WI' lUi ' ilrlt'rt 'Slt-tl ( F'i,r;UTt':t 6). Also ploucd in Figure 2.6 is
1I1l' Tl't"fnitllJt' lIt iml,'x rur tl1I'Z,I:IKI. roo stor k [ Figure 1.1) . This ret:r1l1lJlWlI t iudex
h_ 1" '1' 11 lJurll1a liSl'l1"y ti ll' nnrnh er of adul1.5 (th us drllsity d..].wIlI.'nt e ffects art" re-
mo v.'l l) , iUld a lsn hy ll l" ma ximum ill tlw rec ord . T Ill' till lt' lII'rit'll shown ill Fip;uTt'll
:.!.li h,'lVI' l~ r russ l'urn ,lilt itlu 1'1I1·Uiri,'lll r orO.:M whichilltlilly m arginally sigll ilir a llt , /ll
t ht' !JO% h-wl, Ht' lIIoviltg thestock rl'CTnitll1Cll t rt>lat iollllhill (normalising recruitment













Figure 2.6: Recruitment index (solid line] and n-tr-nt ion index 11 "" (d i~"lll' d lim')
for the- PI-riOlI span ning ! !)lj:! - 1988. Tbese ludexcs hOi\'!' 1" ~' 11 llUtllHdisl'tl by t ill'
maximum so tha t index es V,ITy between 0 and L lle -n- H", ' n 'l' r<,sl' lI1.s 11\lId ,·1 runs
Leginning I April.
2.4 Discussion of Analytical Model
reu-miou uf l;'~" ali t! lan' ill'on li lt' Nt>\\'fullll,lla1l1 1 S llI'lf. TIll' r<'lt,uti " n TOt ti" "f til"
mudd is marginally rcrn-lau-d with Llu-nu-asurcd n-cruluueut uf "".1 i ll I.lll' :,!.l;U\ /,
of lit' Young and Ru~w ( l!J!J:I), who lI r~lW t hat n-n-uticn "r , ·~s a lUl la1'\';'" "11 III"
sl ll'lf is im purt ant fur surr-es sful rer-rultun-nt fil l' !'lltl i ll t ilis n·~i"lI .
T Ill' <lla lytkal tuodr-l tlt·w lop t·d IWH' is si mila r t u lha l llf ~l}·t, t." audltriu kwater
( 1988)ill thut the p rima ry (actor influeudng rl' ll 'ul illll u f ],lrHu ' nn t ill ' N,'wrulll1'll lLll,1
and [Jriuk watur ( J!JXX) Ly SlJlvill P; ti ll' udvectlon-dillusicn equation fur a piltdl of
larvill' rather than rollt/wil' ;' I lis ,~ rdl ' pa rt .leh-s. Fllr thl'r lllOTl' , im'l lld ill,l1; a lonp; shore
nll"rl'uts ill1111' tI1wld allow s alluws us t il " lIst'rVl'lIml hulk Ekman How rillllw t acco un t
fil l' l'ud " ~s a utl I,.rv,w t tl rl 'ilt~ h 1,111' 1~lIilS l uf New fonudland frum th e shelf break in
tln- t.inl l' il Lak, 's for tl lI'm ll' d r ift along t!LI'I'llliT<' Il'ugt h o f t ho slltM,
A ,lillil"lllly wlrh tI lt, illlilly sis pw.~,' nt"tl lwn' is that tho spuwulug dot's nulo'-cl1r
silllll11,llll'Ullsly th l'OIlp;I1tJllt Llu-2./;JJ{1. region. Cod ill tho northern par t of ti lt' region
(2J) ,11'1' LllUup;llt tu lipllwn l'arlit'r thun I.htJS" in lIw sou l h (:lL). Silln' t hl~ reteutlc n
ral io will t1,'pt'llll III"' n the ti nH' window that we choose, then uur result s may bo
<'lmfUllllflt',1by th is ti llH' wlr i'lhi lity. Ilufortunateiy tlu- onl y relia bh- rcrrui tmunt dat a
un- fur 1.111'1'11 111"1 ' 2.l:U"': L l't'gjoll (II" Yuuug ami Rosi' I!)!J:\). As well, rod populations
I,lta t spawn ill lilt' Slum' 1'1<11'{' cnchyea r may not spawn at t lw samo time of year due
to a r1taug iuR cuvirounu-nt .
I' ruhllhly LIlt' IlIUSt. impor tnnt fact o r ignor ed in this I1lO(l..] is t he influence of
tht, Vt'!" I,lciti l1l i~mli{Jn of till' larvae (Sclafani d rd, HJ9:l, WI'l"1wr r( lIf. 199:1), for
which WI' havt' 1111Illtl ll,
'1'111' st ruug "I'Ul ..H 'url1:,liltio n l ltnt l'x isls amongst a lmos t allenvironmental va r]-
"hl.' s ill ti ll' NurtI1ll't,s1.AlI'U1lic ( P, 't rtl~ rt. al. J99'J ) lI1 akl~N it diffl cult to de velop it.
;I fj
mechanism for lilt' iufhu-urr- of 1,]11'" ll\' irullllwllt UpUl1 nx-i-uil.uu-ut.. Ollr 11Iut],·1 ~l tl ,.,;
show significant rorrclaticn hul tht· P"I"t'~'ll laS!:,' ur ~'X p];li ll ' 'tl varianre i ~ suudl, \V~ ,
shall next apply il more ~uphisti,'''I,~'d numcr icnl 1L1Ilt!l·I, whieh 11 ~1 'll t,h,' , lil 'Al ll~t il '
velocit y fi"]~l, tha t will allow Il~ tu rousidt-r spatilll d'· pl'lUI.,w' \· of OUNIll'Jrft'llid"I1"" .
Chapter 3
Numerical modelling o f drifting
egg and larvae
3.1 Introduction
III rha plt' r 2 "''(, pn'Sl'u!.l',1 iUlOl lytka l solutions to t ill' ad vection- dlfluslon eq uation for
a IIIIa1ia ily humogl'II('Cm~ current lit'111. With a liimplifit"tl lo lK>gra phy and cilTllldioll
fur tIle' N..wfulIlI(lIi\m! SIII'Jr, these a nalyt ical solutions allowed us to investigatf' the
illtlllt'l Wt' of wind-driven (' lIrre' IILs 0 11 the retention o f passive cod l?ggs and larvae.
Sim'l' till' uu-an now ill tl lI ' SP analy tir nl (,i\SI ' S illspatially uniform, II. homogen eo us wind
a!fl'd s Ilart id ,' drift ith'1I1kally rt'gard lt'ss of Jlar L icl{~ location. TIlt' most important
cr ib'ria for rotontlon in <l hUlll(}~I'l1t'UllS l'in'lI la t iull lit' llI is iultiul distauo- Inuu tl n-
sllt'U brenk. Rrgurdlcss of wind-dr iven ('lIrr,'nts, slu-lf rl'l t' lll,iun for " pau-h uf liIr\'u,'
is high ;f t l1('patrh is at a sllllir io'nt distanc'" lns hon- fl'llll llll' shc,If lm-a k .
Circulation Oil lilt' Newfoundland Hhl'1f has ."twll~ SPilt!i1 1dliltild t'l'islit's \\'hit-h
include th e main und tho inshore hrauchos of ti ll' L1Lhwdll1' C ul'Tt'li l wilh \\'1'1 1\11111 1
varlahk-Jlow ill lIli , l-s hd f( :rt "" 1l 1lt'r~ und I't-trio 1!Jt\X). M,'" n n lm' llls ill'I' also weuk
011 1111' (Irand Ba nk s ( l'l'tric' and ISI' lIor HlK:l), a l t htJlI ~h tlll'1't' is 11 ""d l ,!t'!iuc'd suut h-
war d transport t hrough th l~ Avalon ChlL111lt'1 ( 1','lril' atlll Arlllt'I'suli I!JH:J). [ft't, 'n1illll
of a particle on tIlt' shelf11l1~Y 1)('fI'llnc'I...1 if the wilid ,lriw'S it From II ' 1llh'sl'l' lIt dn-lf
locatio n into the stro ng m alu br anch Labnelor l:l1rrt'lll. l1"wI 'vl ~1" , if WilHI pusln'S
purtk-lcs fro m one <llIi'':\I'I' lIt s!wlf lu t'a l i,, " lo iLllu1.11l'r Cllll', lIhdf rd l'llt iull mny nut. [,t'
appreciably altered.
To eccouut for tIlt"spatla l fl'llt un 'S or N"1'wfolllldlallll Sllt'lf eircuhu.lcu , s"l" il1,l!;
t he a.t1v,·,.ti o n-dilf llsio ll c~q1\ali llll rt"lllli rt,!C It numeru-al approuuh. T h is ruu l !t ~ ,lilli"
eit lwr by finite differencing l h(~ af!vedion -, lifrll!Ci llll equa tiuu (,II, Ylll lll~ rt "f. 1!1!J1a)
or by dete nuiuiug the iLl lvl~r.l iol1 pat hs u f ,li sl:rl'l c'l mr1id c's IISili1';it L1tK1"iUI~ iall t r;u :I.i "J:;
model(Bar tsch ct ai, HllS!J). In t ill' r llltl ~r nlSC~, dil rllsiu ll may Ill' si u lIIlal C'tI ' ,y Aiv j ll ~
pllr t id f' s a random moti on wlllls(1d fc'Ct is 1'llll iViltl1l1 l lo difrll ,~i lJrr ,
III t his chapt er we shall I11 l1 kl~ IISC' of it Lilp;r1lup;iau l Till~ kj lJA 1Il00ld1u t',w lIlill,'
d isJll'r si" u of I' (JI ' 1'/tl!;S alll i larv~te (JVI!r ti ll' 1 ~ lI l i rt' Nc'wfotlm l]aUII Sh elf sllhjl'rt t o a
stl'lll ly spaliltlly IJl'/lI'llf lc'ut vd odty field derived from a Ili1l,l\uos t ir: calculation and
II un ifo r m wiml fun" 'll t i nu~ I II' PI ! l ll l l!l1 t current. T ill' Litp;f1tngia n traekiug rout ine
is dfc 'I ~ 1. i vl ' ill silllulat inp; li lt' llispl'rsiull and ndvectlon of a pau-h of larvae. For
Sll1lL ll l'all'lll's, it is hig hly I,mdc'nt rumpared to Hnite dilrl're l1dllg lilt' ad vI'cliou-
llilfllSiuli l'(lllat ion fur lUI l ~n ti fl' model do ma in, ln tr ucking large petclu-s o f drifters,
t.lll' Litp;rit llp;ia ll t radd np; routlne "If,'n; tl ll~ possih ili ty t o back t rack and nxplure the
dis)wrsioll uf a slIhsd of partirl l "~ without n-r uuning tlu - model. T his cannot he
iUTUlllll lis lll'd when liuit" lliJfl'rl'IWiull;tl1I' lulVl'd iun-, lilfllSioll equa tion. Since tlwfl'
nuuulus sunu- ,Id llll,' about t l ll~ sjlawllinp; lur al ions for Northern Cod [Hutchings
IUII I MYI'r,~ I!J!H ), WI's hall ,'x plorl' ret r-uticn o f r od I'ggs released over t ill' ,'uti n'
Newfoundland shelf reg ion (d« Young a nd Rose 1'19:!). We see k 10 ide n tify ideal
sp aw n in,l!; :; rull llds hIL'4,(1 011 co tl.~is1(,IlCY o f ret l'l\liol1.
eml I'MS arl' l rt'at l'(l us p<lssi v,' drl ftcrs s inc e they ha ve 110 swimming ab ili ty,
I ~AA s ta~I ' tlu ruj.ion l"illJ?;' 'l'( from :oW to 40 days [ P nge a m i Frank I !JS!.I). At hetchiug
la cvill' fl 'l'11 011 t lldr yolk ~ack fur rou ghl y 5 (lays [Hempel 1972). T he refore it is
f( 'll~l)lHlJ.h' to assuuu 1I1l1t ,'ggs ami larvae a re passive dri fters u nti l at least 25 • 45
day s a fk r SpaWltillJ?;. Sinn ' til l' NewfOlludland Shelf is covered by w ry cold wa ter
(O"( .') d uring t.111' SPi IWll i l1,e; sousou, W" sh all assume "gg sta ge du ru tic n to he 40 days,
with organi~lII~ com pl.'lt4y l)it:<lli w t ill -trl .111.)'11 ah t'f "Ilitwnill,e;. Sinn' .·a rl.,· ..I ll~'''' ..f
ro d la rva.' hav e limjted lIluliili ty , WI' sha ll tn 'a t 1I1l' ltI /Ill p'L~i \"t, I!t ifll'n<1I\'1'r IH'fi IMls
ranKing from .'i0 to 100 t1ayll. WI' sha ll a.~1I1l1lU' t lmt m el [ar vin' YUllll/!.C·t l lllll i IUl llllYIi
have 110 horizOll l;lllll i~mtilJlI ahility and thus 111I lIul. IIwi11l in uuy tixI'cl dir l'I·t.illll fur
('xtc'IIdc·d p.·riOt!s of tinu-.
Ob !ll' rwlt iotlll or rol l C'AA a llcl latv;u' vc'tt il"llll lidrillllti ulllt Ill! li lt"NI·Wrlllln.llalll l
Shd f ar t' f.·w (Alll!.·tl<C1lI lind tic· Yl)Il 11~ I !I!H). T he w rti l"ll.! , Iist rilou tiull c1'·IM.".l lt .m
v('rt ic-a! currents anel ' 'AAk lat VIII' Imoyal1ry a ll.1 IIwillllllilll: in t Ill' I·....o;c· ..( larv;n·.
Buoyan cy depends in tum 1111 IItap,:" of dC'Vi'lop llll' IIL a lld rlllLtiLiuua l t>l1lI. lit i"lI. At
spawnlng , re d I'm a re n 'h'iVl,.1 nea r lilt' sc'a l\tMlr lUIl1 rilll' slowly til till' s,. tfac'.· lay"I'
in 5 · 10 day s (Alldc'rsoll uml .Ic·YU I Il1~ Hl!14) . It ill 1J 1l.~sihll· 1.11 1I1lJ1ll·lc·,I!"l!; andlarval
Vl't tirlll d istrilmt ioll11 hlL"' 'l1 sllldy un h lloyanry ;u .v;lll1ll·ub . irwurl'unl LillJ.;SUi'll i~ ID
model int o a ;10 ritr_ulalio ll model. lI uwe'YPt , IM·ron · a U''1upl illP; :II } IlII M l c ·llill~ " f
lar va l dilllK'""ioll, we ai m fitlll to 11II,11·""l.illlll ti ll' 1'[(1..,1.'1 .. r !tll, i:oo,ullliJ c1illl"'n<iull UVO 't
1111~ N("wfound lalld Shc·I(. Wf' lihal l 1llc- 1,·1 IAlva! .liIiIM·n;i.HI ill t ill' h"r ilf.u lll..J 1,Ial ll"
only. III l ltili rJlilp tl'r we' a...~llIl\I· i) Ula l. t'AAS illlli lar vm- are I"l Jll l i ll. ~ 1 Lu t ill' lu I' !ill
III o r UII~ wat er 1"0 11111111 ami ii ) l hal LIIl' , It ift ..f ltll I ·~S ;lIIeI IMV,ll' is ~.......tlll ~ 1 hy
t1JC1 vt'rlir ally aVt~rag(~d horiwlIlnl yd",~ili" 11 t lltllllp;hlJul ti ll' l up !ill HI uf 1.1r1· watnr
colu mn. It is fon'S(':('ah lt ~ l ha l NutUlI' r ll Cllci lar vill! YIl''''~I ~r thun [Ull , lays may Ilave'
lIiJ.: l lifi l~all l llwi lll lni ll~ Sp('I~l ls ill t h(~ \I(~rtiral di rectio n so tha t their verti ca l distr ibut ion
is net entirely passiv('. However, WI' shall !I egl('(~ t any Vl'rtkal variation s ill currents
or IlL r vlU ~ .1 istrillllt ill1l.
3.2 Mode l Des cription
3.2 .1 Mean Fl ow Field
'I'll ,' tueuu How Heldused I,y our Lagrallgian tracking mOlIl'\ is derived from a diag-
IllJstk 11l(J(ld (de Young r f tif. J!J!}:Ia) which is based u pon a n earlier model of Mellor
d nl. ( l!JK2). The data used hy th is circulation model is 11den sity field derived from
ohjPdivd y ana lyst'l! obser vations ill the region , spanni ng th e per iod from 1908 to
l!JSS (dl ' Yeung d til , 19941,).
TIll' modelslJ lVl'.~ tI\l-' steady- state linear C<lll1Ltiolls or motion ill sigma coordi-
uatt'S ( i . l ~. ;(",1I,U wlwfl' f1 = =/ IJ).
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1I, V,W, n an ' till' ,r.,U, ::, 11eumponcuts f('s llt'di vdy or v,·ltJdLy, II is t ln- v'·I'I.it'lll l·,ldy
viscosity t:"AJdfir.it'llt , y is tl11~ gr avita tio na l arrd,'mtioll "\l llstant , fil l ili moun wiltl'l"
dens ity, P is wate r density, (lr is horizontal aVt'mp;,~1 water ,1"lIl1il,y a ll' I f is tl lt ~ { ~ori"l is
paramete r which vRril"~ 011,Ispl\(, Tk iLl Sllrran~,
TIl(' solution method Involv es calc ulat lug sl'par at l'ly t il" vort irul ilvl 'I'a)1;l ~ll Il Jl "
components o r now. The ver ti cally ilvt'mp;( ~ 1 How i ,~ f'iLk ll l l~tl ', I I 'j sulvillp:Ior x wlu-re
(:1.7)
!/J is l .1 lt~ hulk stream fUlIl:tion ddilll'd hy
(3.')
4> is proport ional to t ill' potential elJI~rgy per unit area of t he water column.
(:1.9)
(:akll[l~tillp; X ral lll'r than Wavoids {'XI>lici t determination of the JBBAR term
which is iuhcrcut ly noisy. As boundary conditio ns, X i~ set to zero at laud boundaries
alltl is spt'dOel l al fl l)f ~ ll bounda ries. For land areas 4> is set to zero and the depth II
is :wt at r metre. The o 01" Z compo nent of velocity is derived from the equation of
l~lIll tillllity lInn~ 11 a llli v llll' known , IW IlCt· the vertical velor lty may be noisy.
TIm lmrizuntal slf'ady -stah' flow field used in the Lagrangian tracki ng routine
is ohtai ned by averaging tlu- u and v component s of t he diagnostic'. circulation field
over the upper 50 III of the water colum n. We shall make usc of t he spr ing velocity
Iii'll! llpan ning the month s of March , April and May {FigureL l}.
Th is velocity field is not perfectly conservative . 1"01' the diagnostic model, the
:H) (·tlllt h111ily equa tion holds. In averaging the horizonta l velocity components over
tll\' I1 ppt~r JiO Ill , we ignof(' the vertica l velocltlcs. Since these are generally non-zero,
the ::!D fOlllil1l1ily equation has a small error less tha n 5 x 10- 7 S-I correspondi ng
Figur~ :U : Top 50 III vertical averuged hor lzontal vdoc,iti l's Irom 1111' Spdll,!!; 1l ; 1~,!!; ­
nostic Mode l. The solid line r~JlH'~l'nts thl' !lO{)III i~ulmt l l.
to vertical velocities If'sS than :.!5 lilliS-I , Flgur« :J.:.! ~II(JwS llll' t:(1lI1.ullr HitI'll IiII'
20 dive rgence. Comparisons to til(' diwrpplll,l' fid elor tIn' uPIH'r layer {if ::; III ur
tilt' :)D diagnostic model sh ow lha~ ZOIll'S of r(JIlVI~ rp;I'l1"1' alld I tj ll, ~ rp;I '1I 1 '( ~ IIlullP; t lu-
coas t line originate From thl' dillp;llo~tic:. 1l1mld Whi1I' SOI1W rt ll1Vl' rW'lll'C' lUlll dilll'rp;I'III'I'
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Ftgun- :J.l: DiVt1rgt·nt'(· field for Figure ;),1 T he solid line ludleates II contour of 5 x
IO-~ S- I IUlll llll' dulll,tllint' in,liralc'!! ,\ conto ur of - 5 x 10- 8 5- 1, The dashed line
is L1 lt1 IlOO III h.ohntll.
llJllll'r layer, Wl1 de nul perm it th e larval' ami eggs to move verticall y. Neglecting
vl'I'Lkal vdu dti t's in thl1circula tion fieldmay cause larvae to concentrate or disper se
in lIn'as with »lguifkaut vertkal velocitie s,
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3.2.2 Wind Driv en Flow
In t he ci rcu lat ion field usedby the l..at;ran~/l ll t flll'kill'; ftHll im., til" \Tinl!·. lri\'c·l1
time-depende nt linear ('(lu Atio lls of motion wilh :1 I'<lllll' tllll'nl"!: t ill' Curiul i:<fur.·c' ,
lilll'ar fric tion ami wind lIl rc~lI . TIll' l'qual iOluI of ll\utiull p;uVt'rn inp;LIlt' whtll 'llri "c'll
component of now IIr,':




wlwre 1.1are v are z /tnd y COl1\I>OlIc' n b of lIuw, T 1 11I1.1 T ' lU'!' til., r '1ll,1y n lIll INJII" !I llt
of wind stress, h i~ t hl' d l'plh of t ill' mixl"tl layc'r , p if! till ! .1" lIl1ity .. f :;I'a watl'r u.k.'I' A."\
parameter. For t ilt" above (lIl"a t ions W(' make! til .' /.plalw al' llruxillla t iulI. Thi ll Kill"
circulat ion model wa.. originlllly inl rOlhlCl'(1 by Pull a rcl llllli MiI\;lr.1 (I !J7U).
T he Pol la rd -Milla rd IllUd,'1ill it simph-, yd fl,ltlilltk lliu,ld lJr IIllrfan· will,\·olriv" 11
llows (Pollard anti MiIlltrd t!J70j tI(! Yelling and 'lilll,tt IlJH!'), 'I'll.! 1'"lIl1r.t MiltllT.1
,'C! Ul.liuIlS (3,10 a11l1 :1.1 1) arc! solved numc- ically lI!1 illJol II .. It'al' rru,!!; ill l im.!" liuiu-
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,lj l ft'tl ~lw illJ!; sd wllw. To avoi, l l.inw slJ l iltiu~ if. forward tim('s1.t~PJling scheme is used
l,vf'ry uf/ till,,' s1.t·lJ where IIjI is lUI0111 1 illlf'1!:er W('sl'l ill :11 . T Ilt" finite d irrprend llg
Sd ll' lIl f~ is sLable fOI' 8/ < :1J . In 011 1'r.a.<;l' tlu- ]01l/;(';l1.allowable time step is au hour
uml a lmlf. 'I'll" liui tt , , Iiffl'rl~ ndll~ .dlt~llw is presented ill Appendix A. Th e finite
d il ft ' I'l'Ill'I,, 1 slJluli oll WIlS t,'stl 'd IlsillA it ronsuuu wlml stress blowing ever an orean
iuitlully at rt'sl. TIlt' lm-rtiulo.<;dllatilJlls lndurerl by t i ll" i ll l rodu~t i (J t1 of wind sll"l~S
, l,'m y ill tlun-, such Llml ever llH' fOurs" of lilllt', now is sUllt" 1.0tIll' right of the wind
11.<; illl.llf'd llssi l: EkllllLl llllJllI'1.
WitHl llnlit lIsl'd ill tln- Pollard Millard 1ll00ld are from lh(, hourly time series
" f wind sp"l'd lJhSl'rviltiulis a t St. ,Iulm's eirport. The tim!' ~ril's is from I .January
[W'j:~ Lu: lUNUVl'mlwr In!l:.!. wind st russ, l"i~k1\]a tl~d followingLarge and Pond (UlHI),
is olp plil ,t! tu ll ll' Pollard Millard model with a I hour timostcp. Wind data were
neitlu-rfilt"r "ll nor s mootln-d. S1.. Jo hn 's wind sp l'I'd was chosen primari ly due to
lilt' Il'lIAl li and rous istenc y of tho tillll' Sl.' ri('S, A long lime series is required to look
i,l intcruuuua l variahility. As wi'll, S1.. John's is sit uated within 2.r,0 kill or t l ll~ o'"ln~
fir uur " 'Ail/ II or illl('fj'sl 011 t.ln-Newfoundland Shelf.
3.2 .3 L agrangi a n Tracking
of tln- Newfoundland Sht'1f region. Th is lh-ld i.~ fUllll' riSl',1Ur ' l 1111',111hark~mlllu l ttow
now. Each part.iule is trlw kt'(! ludividuully lllii lL~
rl;: ~
Ji =U
finite differencing is h1l.~('t l 01 1 Hunt er ( 1I)X7) , l'ago illll i Smith ( I!JX!I) allll PH'SI·II!.I'll ill
Appendix R. TIll' Ohjl~li vI~ of tho ,~dll'l1l1' is ttl insure a SIllOll,h l rillisi liutl uf 1'1I1'1,il'lI'
posit ions from OIlC time st l~P to till' next ,
l!JX2) hy it random walk motion. A1('1I('hl illll·slt ·1' WI' add I.ut ilt' pill"lid c' I'HsiLiuli a
x 1I11d Ydlr eouon. fi. l is lh(~ lllodd lillll'st l'P s('1,itl J IJUIII' lu I~U i lldl h ' wit h tilt' veh...i ty
field li llll'sh' p, '1'111' t1is lri hnt ioll orn larg( ~ KrullI' of disnl'[l' pa rtidt, s llpprHiU'lll's u
rontinncns dis trlbu t lcn dC'scri llt'll lJy tlw ;ulVc'diulI-IlilrilsiulI l'C!1 11l1ilu l.
I'arti dp ,11'ifL" uto laud ili pn 'YI'ut,·,1 ill lI, is l raekill~ rou tin.. by Olui tti ug thl'
liS" ur dil rll,~jull nud tlw wjllll-,lrivc'u r"Ill ",m( ~lI t or flow rOl' jlllr lidl'!>wltbin ..... 15 kill
or ,.111' " WI.~t. T ll1 ~ IIII1VI'IlII'ul of p<ll'li rl, 'S is ~"YI' nll'el by t,hrl'l' components : til,· rut-au
,jiilp,lltlsl.i,· "irl' lIlatiun fh-ld,LllI' wind-driven "" mpOlwll t ur How ami ti ll' ruudom walk
l'IunpUlll'ltl. Only till' diil~lIustk s-irrulatioufid el has 11(1 1LI11' m ll 1 flow ill lallli bouml-
urh-s. ' I'hus ill tIn' vi" il lity <Ifli' II,I, WI' only IISI' lIU'dia '; ' lOsli" component or f1 01V 'July
~tlI, 1 I tl'~l,d "illtttlati" lt of ,Iilfll"iun , Ir a IInrlkl l' does Ilrift onto land or is ini t jally
s",'d ,'d ou lal11 1 it is i l1 l1 l\u hi l i~,', 1 ,
3.3 Model Validation
In t his s,'<,l ill n IV" com pun I.ll' Lil~l'illlgiilll t ril rki ll~ routine output lo o!Js,'rYI',1drirter
,1"1.,, on 1.1 ,.. N,'wfullrulJlIl1d s!ll' lf. ,vl",I,·1 drifL puths art- compared to Ilri rtl~ r tn ll,k
(Ol' EN ) Nurth Eilsi Nl'lI'roumlliuu] SIll'If. DroKlII'I1 at 1."irn, Ilrirh' rs IVI'W initially
n ,ll,,,,,,,.1<Ill I.lw N,'wruIIIl<IItII,1Slu,lfhdwl'('" H.Iuly an d 10 Jul y I!J!J I and their posi-
l.i" lls I,!'iu·k..d for I'OIl,!\:h ly sodays . 1\ total of 8 dri ftl 'rs \Vl' I'C' l'!·lc'ast"d From locations
\'ilryillF;Iroru .'i1.:1 1.0 ."i1,:-; "N, a nd rWIIl mid-shelf to 1I11' shelf brea k. Arter 80 days,
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lo ngitude
Fij!'llrt> :1.:1: j"'!odd pnrti r-le drill, pali is (t hick lilu' ) shown wit h Llu- ("or rc'sl' ,m,l iup;
OI'S" I"wd drogned ,Ir ifle']"pa t hs (t h ill lim') . (a ) IIsill,l1; >I I frum OPEN til , lr ift, -r data.
(II) using>12 fro m OP EN !II drifter .lala .
parfirk-s sl't'(ltotl at ohserved ,Irift(·]" l"l' ]l' iL!'1' sill'S. Oilly t ill' nn-an lIul\' li.,ld is llso...1
witho ut auy diffuslou. F i~Hrt · :1.:1 slnlvd t l ll ~ rlIllI ]JarislJlI of , lri ft' -1" pa li is [w l,WI ,t ' ll
ohs\'rVt>t] and m odelled dr ifte rs fu r :1d rift er n ']I' ;I>l1' sill ":<.
011 >1' 1",1,,<1dr ifters ilfl ' iulvl'l't l'cl,l isla rll'c's Innn t lu-lr rd pi1s( ' si...·s lol'lw,... · ll 011 ' -aw l
!lO
dll~e1y. This j~ uct milll ickl,t[ by modelled drifter s (Figu re a.:Ja). Drogued drift ers
rd( !/~,«~ I 011 UI<' sluM have a I/;rl'at l~r cross slwlf displacement th an t lld r re.~ p('r Li v(O
moddled drirtl~rs. Furthermore, t Il(' Lagra ngia n morjel (lol~s uot reproduce particles
rl !vl'rsin~ di/'('d iu!l u r dr ifter l rcwks crossi ng llt(~mselVl'I( [Flgure :),:31» . Although t.he
nn-au Hew( 1('.~ai l)(~1 by tll(O1 1 ;~1I0.~lk model mimics .~OIlJ(' featu res seen in the dr ifte r
da til , it IIp/'('lld.~ out »helf-break flow, The mod el dot'S not reso lve some of the short
tillU1 scali, I 'Vl'litS linch a.~ stonns a nd eddies. These fac tor s may p lay an important
mil' in driftl ~r advectio n.
Sinn' Ill/llld h'ti dri fll~ r~ Ll~ n l l not to move intu the mai n branch of th e Lab rador
CUrl'l'lLt /u; 1I11' (lb~l!rVl'(1 dri fter s, their-allvl'dion velocities are consequently slower.
TIll' mai n hruuehof ULI1 La brador Currt'IlL is a ."iO kill na r row shdf break cur rent
WIIl"~I' 11l1'l,tiolL with n,s llI'd to bo t tom topography is variab le (Lazier and Wright
l!J!):J). Tfu-ilVl'rag(' 110\\1 over 80 yea rs rep resented by the diagnostic mode l illus t ra tes
a d ilfllsl', s l"wl'l' llltlvilig main hrauch curr en t.
Dilfuxiou and till' addition of the wind component of now ma y hel p the model
IwLkr mi mic observed dr i ftl'r tr acks , W(' ran the mo del 10 times with a ran dom
walk component for l'ilrLid ('s rd(oa.~e( l for t1wI'iglit observed drifter release sites. Th e
Tl'lillll il1E!; t ru('k ~ for pa rtlch-s ~l't,(ltod at rd l·a.'i(' sites s l a nd 52 a re plotted ill Figure
iii








F'igun ' :1.4: (a)IO m(}(lp! Ilriflt'r t rark", for ('af"h Tl·l ,·;a:ol,· ",it.· (a l ant! s2 ). (10) Init ia l
r r l"aSl' sites ( ttl I IlIUI d rifi" r IOI'a t iu" a( ll'r 100 day",. X'", mark lu(·al i.,11 rll r till'
no-wind f"a....., a 's mark finallucatioll fo r " 1\."" '>1 willi wmd.
baf"kgro ulld lIow fit,],] th roll.lth whieh tln- ""nid.· is . lrifti llA". In t l ... lir:;t Iill ,l llys
pa rt id. ':Sreb- ........"'CI at 51 show sl ig hl Sl.·IJaraliul1 ,Iu,· tu .1iI(llsi"lI. 1\", ti ll' " ...rt id, "ll
a pproach t l \l' inshore IJran rh uf tll (' LalJrlulu r Cu r n '!l!. t ln- inn Ill ""'" uf ,!iI(IISiull ill
g radients. Al,l 100 days, IHLr l idc sl'para liun may I", l~~ IlIlld l ;~~ :.!jrJ km. I';u'lk h"ll
rdl 'I~'il 'd at the 92 rl'1('asl' site ur« llQt as grl 'lI.l ly ,~lf('('.l~1 by diffus ion despite init ial
sllrl ~alli llg dlJl ~ to proximity to t ile main branch of tho Labrador Current. These
particll ' tr;«· k.~ till not nuss stn:JIlg velocity gradients.
Tllt ~ wind-driven romponout of flow is uniform so t hat il cunuot act directly
with d iffus iun tu ell lia llft~ particle dispersion, however, tlw wind ca ll move par t icles
wlth rl'sj)('d tu thl ' mean flow field, there by altering the spatial charach'ristics and
timill/{(Jf pllrlidl~ dispersion. Fi,e,ure :JA(h) sho ws the filial location after 100days for
(',11:11 uf t ltl' 1fJpaJ'tid l$ rd l'I~<;/~d at 51 and 52. The X's indica te pos it ion at 100 days
uf parti cll's iuuncrsed ill til(' diagnostic now field with a rando m walk compo nent.
Cird('S ill<1ira t l' final pcsitiou of particles submitted to t he diagncstlc flow field, th e
wind-driven ('UlllplJ1l{'Ut or flow and the random walk motion. T he wind-driven flow
tra llsjlorts pnr tid l'1\further sout h.
For t ill' llilrt id t·s rdl'aSt~d at 51, wind forcing Incre ases zonal spreading and
i ll nl'<~~es till ' 1I11111lwr of particles al t ile head of Tr inity a nd Conception Ba.ys from
I (.u'1. Thus wind Ion-lugand difluslon may play n role in allowing passive particles
S1'l'lbl Oil tl1t~ shelf lo enter lIw bays along the Newfound land Coast. Fer par ticles
rd (·ast·tl lll llll' 52 rck-aa- slte, wi nd pushes pa rt icles to final locations after 100 days
of (Irift ::!!'") to 100 kill further to t ilt' southeast.
Wi nd rord l1~ jlllslit's model dri fters fur the r down the shelf, h ut not far enough
to acco unt for t Ill' oUsl' r vI·d (lrirll'r paths . TIll' drilu-rs wen- tl1"up;III'd ilt 2ri III and
cu rre nts a t 25 III ma y differ from t ill' ver tirully ilvNClp;c'cl \'C'lodl.il'S over @ m. 'l'la-
di rec tion or wind-driven currents ma y hc~ more wil1clwarcl 1c 'l, c1ill~ to lIip;hc 'I' c 'n~"s slll,lf
ad vectlou to th« main branch o f tlu- Lah rudcr CUrTI'Ill, A I(. hu lI~h tIll' t l i a~l1osl,k
model does re produce 11100t or till' f('attlrc' s uf shelf dtc~ll hl , ' Ill, ii, ItlSlJ w"nkt'lls awl
broadens sur face cur rent feat ures .
3.4 M odel R esults
3.4.1 Spatia l Disp er sion
To explore 1IlC' spa t ia l rharartur or particle dispersion ou 1I1l' Ne'wfc!llll riia llci ,~ hdf WI'
tr ack nearly <l000 parti cles 11<\<1,1.,(1'~V'1I1Iy lhr uup;h nut tI ll' " lItil'C' sludf rc'p;iu ll with
the Lagrangian t racking model. Partid l~~ an~ S< ~ 'II!'11 UlI ,I Arid wit.h sl'ildllj.\ Il.Jn"N
by 0, 15" 8 betw(~'lI latitlltll~s .J;)p and !i1D N an cl 1cJll~i l. uc! c's :101" illill :111"1':n'WLl',lll 'll,~
or laud boundaries [ F igur e a.niL). PaTlidc~ init ially s<~"b l cu lall cl iU'C ~ illllll"lJilii',1 ~ 1.
Particles are tracked for a period or IOU tlays startill/o: I A pr il ur I,itd l yeu r, TIll'
seeding ar rangement a llows p;teat Iiexlbllity itS well as pc ~ttl1i lliu~ ;~ W'llI'mlovl'rv ic'w







l~i ,l!;lI fl' :trl : (a) Grid IIf lh t" "'" 4000 release locatioll Kfor model particles seeded unl-
formly l lt't\V('I~1I aO~ D all, l :I14"g , 45" and MaN every 0.11)". (b) Position of parlidl'll
lilllljldl'tl to nll'nn current field for 50 clays. (c) Position of pa rticles subjected to
lll('Ull cur rent flcld for 100 d UYN. (d] Position of plHl idl'9 subjected to m ean cu rrent
llcld, wi nds fur lm)2 /11111 di lflJs;cl1I for 100 (lays .
t he infl uenc e of t Ill' inshore and ol f1'lhufl' branch of 1I1l' Lnhrador Cum'llt ( F ip;llfl'
:t5h ). Fu rth er south ti ll' prescurr- of !low t hmu g h till' AV;llllll C lmlHll'l is iudi l'llt l'll
by U1l1scarcity of Imrt id l's ill tht , rt'l~i()n. Ikgiu lls whit'l l l"tltlt,lI;lI l'UIll'I'lllmt iullS o]"
pa rti cles arc t he northeast Newfoundfuml coas t , ti ll' m ill slu-lf 1'l'/ l;;U1l S"!l U I \If !....l " N
und the Grauel Bank s. There ar,~ st ill pa rl idl 's uver t Ill' ;;UU III isu hilt l1 in ti ll' vkill ;ty
of the nose o f th e Gr an d Ban ks . or t lw parti cl t~s tha t , Iri ft l 'lL~ I,w ;lrds rWll1 t \1l'.".tlll
111 isobath, none drift u nto tl1l' Ftomish Cap. !I uwl'vl'r SUIlIl' pHrt id,'ll dt> s1.1"I1IIII1I' it s
nor the rn edge . Wiml an d dlffuslon wore 110 t iJw hllltotl ill Fig ur« :1.;;1>. ' l' lll' l"l',I!;llll' T
init ia l part icle s\'l'd ing a rrcl1lgellWllt is n ·f11·dl,d at Iilld ays ( F igu re' :1.."111) hy ti ll' lilli'S
By 100 d ays , ' Ill' puueen of pa rt id l's l"l'l ailll 'il Sll11rl 'WIlT,I " r t,ll(' IiOIl III illu],at h
is high ly visi b le . D illy a w ry narro w l' llJg lll~ of paTlidl~ MIl fl'la illl',1 ill t ill' lIlid-slld r
reg ion . Alcug tho eas tern Ilnuk of ti l<! G1'1LlId Ha llks Imrt id , 'S MIl rl'la;IIl..1 wil llill l lll'
:l00 III isoba t h (F igure' :1.Ii,:). TI[( ~n ! un- II " partkl< ~s 11l'l wl"' 11lIw IiIlU III IUlll :lUll !II
iso ba th s along th e eastern flank. Alt hllup;h par l idl's are n 't;~i l ll ~d t h ru up;lluul. lllllsl llf
t he Grand Ba nks region, a. high r:\JlI cl !lllri~l i (>ll o f Imrl id.", is visil. l.. ill l l ll ~ ll u r ll l l ' lL~ 1.
of t he Ba nk .
!jfi
'I'l l" J;t'Il,'ral "alkrll ,,( ,"t rlidt , IJO!<ilioll" ovr-r till' Nt'w fOlllld la lu l SIU'lf al lOll
.Iays l l"t~ lIf1l rhil ll~l' lIul>sllllltially with tilt' allclilion o f wind am l dif[ullioll (Figlln'
:I.!'")fl), T Ilt' ma in allli ill" l lIlT1 ' l , uull"h.~ aTt~!llill r1t'arly vi"i1J!e', Dill ueion e1imina1.t'Sauy
l'villt 'lll't' of til" iui li a l Tt'l1;lllar ll('('(lilll!;a rr an ,;('nl<'lIl , A high ro nf:('lIl ra lioll orparlicles
Ill 'ar t ill' lit IS(' II f till ' C:ran d Ha llkll ill IIlill visihl(', The thin tongu« of pa rt idc 't<in the
lIlill-slll' lr n' p;itlll i" 10 l" : IO~"{, wi,l"r t hau in th(' no-wind cast',
A Ilid l lr( ~ (>r uclvt,(·tic lII ]lat knlll ca n IJ ,~ nhla ilwd 1Iy n mtouri l lg till' distance over
which pilr l kh '!! MI' cIi.~ I J ran ,d , 1"i,ll;ll rl' a.tid is a contour plot or par licl e c1is p liu'el1lc'lIt
rrtllll Sf .. " lc,,1 (Jri~il1 ill !'MI tllty" where lIw 1111'all flow fit'l tl is t ht' on fy fador gowrnlng
jlllr t idc ' ,lrUt , An '",.. tlf 11i,ll;h ILclvt't"tio ll de IIOt lIt'("('!I.~ari ly rorrespcnd to an-a, of
hi,ll;h('lIrn'1I1 vdodtil'!I, IJllt to I"..a l io mt wlwn' parli rlt '!l lI1ay reach st ronger Turn-lib
wirhiu a sll itilh lc' IJt'fi"d of lillII' , 0 11 lliUn iltcHl Balik, Lllt,ft , is a r£'~ulJ of d il'lp la cplllt' ul
p;re'al l'r tlla,. :z."tO kill OVt'r !'"tO .Iay" NI.>;uc,ialC"l!with t1lt' ins hore' hrandl of the Lahnulul
Cu m ·tll. l\luv illl'; fnrLllt'r ulf"IIUTl',parliclt' t1i:llllact"lIw nl tiro l'S Iw lo w ISO kill in tilt'
lIli,l- sIll' 1f re~ion , !.lIl illc n '/t.o;('!! ill l hc~ v lcinity o f l ilt' SOO111 isobath 10 dl splaee meu t
vllI,.,'!! F;rt'lItc'r l ha ll1!'l1lk ill. <:10/'"to la nd J>lU"lid t· adVt'dio ll is low, Particle adv ec tion
ill Il'sl' li mn I kill a dny shul'('wartl of lht' insho rt, hrll il ch o f t ill' Labrador CUrTI' Ill.
It is int "Tt-sli uF; t tl 1It1!.t' t ha t t Ilt' d il'Jll"1.rc' l11 t ~ n t grm lic'nl is gr. 'lIlt' r h t' t WI' t' 1l tllI' ro ast
IUIl I ti ll' inshun ' breuch t buu lWlw' '' 'l1 t Ilt' "III'U reg ion nm l l ilt' ma in b ra nc h. Further
suuth LIlt' illlllwl]('(' uf t lu- iushcn- brunrh 1111 parth-h-Lr,lllsl' llrl dl'l'rI',ISl'S 1lI1l1 1'1Ir1kh,
displa cement grndienta are weaker. Along ,!!)"N, tlispl at't'I1II'lIl inl'r I'ilSl'S l'lmti llllllllsly
with eastward tlistann ' Front th« I:uasl.. At tlu- uorth rnd of L11l' <:ra lld Blin ks. 1,ll'
displuccmcut patter n is more intrn-nte-, wit h a llis pllU'l'llll'lIl less 1I.;l1l Hill kill d USl'
to shon-, ill Llw central roglcu aml ou LIll' 1', I"~l l ' rn Hankof I,h.' Hank. C"lltullr lill"s
around t he e d/!;\·./ior thl~ (I rand Banks !I,IY" 1" '1'11 l,rlm!",.t,' .1 dll" I,., p.u"l.id. os I"avilll!;
our model domain . In gelwra l. I.1w Pllst l " \ und southeru IllJrti olis of lIu' (hallli Ba llks
IHlVc weak advectiull with h-ss thall 100 ktu disl)];U'I'Il1l'lIt tJVi'r !ill ,li lys . O vor 1.1 11'
no rthern po rtion or tIll' Gran d Hunks, displucvrncul, 1/VI'r rlu days vill'ips 1 ",1.wI ~ · 1l r,1I
kill and :WOkur.
TI Il~ disp lC\{'(' IlWlIt co nto urs artl ~.. !ill d••y·. of lh·m with win.l r"r r'iIiA fur lilt' oY" i1rs
lH8/! and 1992 , show rt~sl~llIh lalln ~ lIr tlU' W'IU'ntl .~IHM will" ,lisplao'PIIlPllt pa ll.l'l'lls
among th e wind-fo rced a mi no-w ind 1lI001d rn lls ( Figllrl's :I.fia, II ill..1 r ). 'I'Ill' ,lis-
plaCl~l1Wll l. pa t tern for t ill' year J!)Htl l'l'sl~lllhlt·s l ililt Ilr 1I1l' llo-wind n"~l' , piu"lidl'
di spla cement UVt'l'."iO day s ill 1!l!)2 m ay vary nn t ill' onl l'r of ."ill kill Ircnn tIlt' lIo-wiud
case, Nea r Hamilton Bank, thl' s lll' rIU :I~ area uf ti ll' I'l'gillll with par Lidc ' llisl' lw "I·IlII'll1.
grea ter t ha n 2iiOkm [jux i IU ~ rt'a~l'd fly I I % Irom l h l ~ no-windl"aSI', ' l'hcn - is alsu 11·...<;
ret ention in t lw mid-shelfn~~i ull when- pi(rti , :ll ~ ,lislJliwl·trIlolif.n ~ llI iLi ll ~ ahlJYI~ IrlO 1(111.
There a rt' slgniflcant i lll : rt'aSt·~ ill parlidll t rltllsllurt "W I' tIll' uurt lll'rn IH,rt iu li or t lill
C;fiOlI'! Uall h a.........dll .....1 whh I!t!rl will,Il'i. TIll' OV('fllll lwl ~l rt'Cl of indudi ng 19!rl
By IOU,layl'i,L1 1f ~ l'illal ...• . ..f till' d il'iplan'lIwlI l rontcurs (Figunos 3.7a,b a nd c) is
lIiUlilar lu lll" s,l of:.o ,lays . 1' 11"« 1 are, hOW"VI'f , .lilrcw nca; be lween lh~ I!I84 wind
furn..l , 'I Ui" 1lIL,llh,~ lIu-wind r. ...~l~; l~ .~. wind .liminil'ih Ml retention in theno rthern IIh~l f
",..·t iuns u r (l il t ,1" lIlllin. Alullp; 1Ilf' ."i0 III isohat h JllHl id" ~ntrainm~nt is !'lowf'Sl ill
LIII' N'or l.l l . Sllll Lh \.r'I!J"N illollll;llw ."iUO'II isu hath I'ilf t il:h'~ lea veour model domuiu
wit hin 1011 ,I' lys. From!iO" tu 5;J°N within 100 kill Inshore from the iliuM break,
partir-h- l lill(lhWl' lIl' ~lll ill grt'nl.·f t han 01 00 kill, with (>Mt id l'lt b.~i ng advected into the
main br anrh of ll lf~ I.a!mulor Cutrl ' nt jt1lll nor t h of the Gr and Banks.
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Figure :1.6: Contours or distllllrl'S lravd ll,t!hy pa rlid l'S ill !ill days S liuti ll~ I April.
Solid line is 100 ktu contour, IlilJilwd lin« is I!iOkill runtour , tlasl"'l l-Iloll."l[ liur- is <!(J[)
kill conto ur and till' dotted li11l'is ;!!j (J kill 1~(mlllll l'. (a) n'Jln~" ll ls lIw tm-au llow l ' i1 SI ~
with no wiud, (I» includes ill addition I !J84 winds a11< 1 (r) im-ludesill iHl.lil,iuli 1!l!J1
winds.
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Fip;nw ;1.7: (:0111.011111ur Ili!lta.l1ft":lt ravelled by pa rLidt'1lin 50 tlays st arLing I Ap ril.
So lid lilll' is 2riO kill rcntc ur , dlU/hl,t:! line is 300 km contour , dashed-do tted line ill
;~ll kill contou r lIml till' dot tedline is ,100 kill conto ur. (1\)represents ti ll' Ilwan now
I'H St ' with no wiud, (II) indmll'll in addi tion 1984 winds , (r) includesin addition 1991
wlnd«.
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To idt'lltiry parth-lo dcs tinnt.ious nnd par tidl ' origius aftl'r fill ,11 11 1 lUll ,l,ws
o f drift I'll' selmra tp till' Ncwfcuudlund dn-H into II rq.(iuns (lo'i,l!;IIl't·s ;l.:l" amI h).
There an ' 7 Shdr rt'gilllJS ami 2 ' Bay' rt'j!;iollS, Hq?;illll HI l"\.\'t'rs Humih.on ltauk
region, Iicgions H,2 ami ItA CUVI'r tIll' nort hern and S<J1I1.l ll'l'll iUII.'r Ncwfoundluml
Shelf while regions fU and (lfi rnvc-t-tlu- nort lu-m and sllnUwr lllllll, '1' N,'wfulll" ll;lIlll
Shl'lf, Regions H.6 and R7 represent the nur thom portiuns llf lilt' (;r, lIltl Banks.
TIll' 2 bay regions wen' ch osen to dcterutinc llll~ uriJ!;ill tlf nlll tarViIl' l,ha L ,Irih illl"
coasta l Newfonudluud watl~rs under pHssivl~ dr ifL, Ue'p;iull HI nmLili lls Nu1. r,' 1l;1II11'
Bay wher eas reg ie » 132 co nlains Bo uuvis tu, Trinity am] CU11l" ·I,l.iull Bays. In t.11l'
rema inder of this sccuon we shall fo r simpli<'ity ,[,osn illl ' ,'asc's with 1!)!J2 wil" [ furf'i lll(,
Roughly sim ilar res ults wer e uhlaillt·d for thr-:l!Joll wr years o f wind f"n·ill~.
art ' plotted ill Flgures :I,!lil,1Jalit! t~ and :J.l Oil, h, t~ ail e! II. I'a rt i rl" ,~ n,le'lIst't[ ill III
runge in location Irom No tre lla nw (jay 10 ti ll' mid· slldf fl'l(i"rr, I'il rl.id, 's s,~'d , ', 1
in the inshore half of III tlrirl fUl'tlll'1'thuu partidl's s ,~~ I, ',j ill t[w slldfhn 'ak 1';llr.
not theast shore by !i0 days. Nurwof tht~ partidl~ ill thl ~ shdl1Jtl'ilk ~rt Jl I I' of HI an ~
adverted across the sluM Im 'ak, At, a hundred clays tllt ~ I Jit rt. i e ~ I , ~ ;t1"l ~ ek-arly ,lb i,I",j
into tilt' two grou ps (Figll rt' :I, l l b) , The illslww I(l'OlIjJ is sl' rt'itil allllll( til,' , ~tJHstlJ f
fi:.!
N"wfullIlIlIl1ll px t"IIIIiIlP; frum Twilllng atr- 1.0 ti ll' mout h of Ccncopriou Bay, Th e
ol,llI'r J!;11I11 IJ uf IHtrti<'lf's is fl'u tn 'lI l(r(JlI lld !i()&N in t ill' mid shelf region.
I'arl.id l's Sf'l'cll"l ill Ut , form a c1is tilld shoreward nud mid-shel f group afteronly
rill flays U[,Irift (Fi,l!;1I1"1' :Ulh). lnxhotv-pifrl.id f· (!istrilllltiull is aln 'wl)' sp read oul Iroru
TwiJIiu,l;:fl.f· til Ca l'" Sl. Frilltt:is. By 100 dnys, pJlrt id t'S ill t bc-shoreward group may
I", 1 00 'Il1. f " l l~~ Jar ,~u llll l II .~ t ilt' Avalon C ha lllll·1(Figll l'l' :1.111», TIll' mid-shelf group is
p,rulIJ"
By !ill flays of flrifl , p,trt ic:;I's rdt :1Is{'11in t he out er shelf 1'('ginn f{;l form 11 ellipse
shill,,'d Pittf'1 1 st l'l,td lf'd alon/'; tilt' Nor th-Suulh axis insh ore Irum the DOD III isoba t h
( Figll l"l' :l,!k ). Hy IUU d ays or tlrift ( Fi~l lfl' :l.lIc), par th-los urigina ti ng ill It:J form
i l patrh t.ha t is more c'um pad aloll,l\ I lu north-sou t h ax is t ha11afte r riOdays Ihll' to
l"I1"I,idc 'i'i . Ir i fti ll,l!;lnto slower lIl uvi ng 'v a1.t·r"~ tlIl l ilt' G ri\n. 1 Bunks .
1'1lrtid f'S Sf'f"!" d ill B'I dr ift southwards with spl'l'lIding Of:f1 :, :ing in all din-e-
l.iOllS, l\rkr .'ill Ililys , I I of tIll' !liS partidps from n,l drift slowly across t Il(" head of
Trinity ami Cuul'l'pt iun Hays [ Flgure :J. IOII). T lw rest of the particles te nd to dl'ift
sUlll.hwar l[s. Afh'r 1O() days ( Fig llrl' :I,12a), parl.ir.!I's an' sprt'ad ou t over l ll("1I0rtl1-
\\'''s l, ' 1" ;" lnl ll l ur t l ll ' (; ral lrl Hunk s. Only II parlid.,s romain along t he 1)('11(1of Trini ty
f'ar t irll's n, ll'lIS"11 From Wi l·ollt'l'nlr .tl.t' i .. th, 1ll11"1Iwas l of l Ilt' G rand Hank»
ill ti ll' \\'I~ll' l"ll half of Wi drift (Fi.!:1lrl' :1.111» tl ll' furl lit'st , lis t.lllln 'S into t il" ' ·I' lll.r'l l
I"l '.!:illtls of tlw Gl'Illiti Banks, when-as I,ll!' rt'l1li1i ll i n~ pmtidl's uu- n't/tinl', l in l.Ill'
nortln-ast uf I.hl' Hanks. i\pproxi mllll 'ly:W % of IIOlrt ir l,·s Irom ll ii 111'1' ;ll l\,,~·t .t', lutll or
t he domain over l lh' ro u rsr-or 100 days hy t ill' main lll'a lldl of lilt' l.a" rll,l"r Cllrn·uL.
From R(i partidps IIIOVt' slJ lIl lJ('astw,~r<1.~ towar ds \VII11I,' Hank ( .~,." I";/l:llrt' 1.1).
Aftf'r 100 days {Figuro :J.11r) a Icw par lid ,'S un- rt·taiuI 't1 ill n ·~i ll l1 lUi wl,i'" 1.1 1t'
majority an' d uslf'r{'d V 'PI' tl IP wester n l'tlpp ( \V lilli, ' Bali k) IJr Ull' (:tlU ltl BlIllk s.
wards ant! sprt'ilIl out a lon g tIll' din 'dioll of ,Irifl (Fi/l:llr,' :1.111.1). AU"" IOU c11lys
par lidt's nrc lunlled 1I1',ll' t l ll ~ l'l'll lrt~ of tIll' ( Irund IlllUkH(F ip;urt· :U :M). i\hout ,,'X,
of pattick-sseeded in H.7 art' a<lvt'dl'lllll, l uf 1,1 11' domaiu J.y t ilt' 1I111 ill IlI'1ult"h of LlIl'
Labrado r (:1II'1'Iul.
Fi~ tl r( ' :1.8: Slll ,.n'~iuu .~ definr-dto look at the spat ia l characte r of part icle dis persion .
(il) r"!1;iulls on tlll~ ~h('lf, (h) cUll~lal r"l1;ions.
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F iV;lll'e' :1.12; L()n~t ioll uf pa rlkl.·ll :wl' c!e'l! ill sha.k-d regions af te'!' 100 (lays of drirt.
(i! )
50 OJ' 100 days of drift . Fignrcs :I. la , ;\.1·1 ami a.I:, show Ul'i~i nill llll 'atioll of partir!.·s
that drift into 1 ,Ilt~ h 1'l'p;i011 hy ."i0 and lun elilyS. H"p;iun III is lIu l plllUt'l1 ln-n-sino-
110 partir\('s arc' prl'Sl'lIt ill HI at ";0 .lityS.
Particles prl~.'n1. ill Hi at !iO .1 an- sl ~ ,.I.·tl .111. ' llllt1.h of It ! np tu !'j,l"N . ti ll'
modet's nor thern boundary. Two 1. l. ir,l.~ of s"I·,lilljl;h...atiuns for 1'1lr1,kh 'S in 11 :1 ill.
!'iO days stra (l.lIt· till' aDO III isolmth nort h (If Ha with t h.. rt'l11il i n i ll~ th in! of sn~l ill~
locat tc us ins ide the It:l's northern 1Itl1l1ll la ry ( Fi~lln ' :U :lh). Ily 1lI11 Ilays l'l'~i "n IIi
is void of particles. Hep;ioll H:I ('ontain s :1O to lin Ilarl.idt ·s tl"pl'l lllilll-!: uti whul fl"dnll;,
or i,e;inalinp;hetween zuaud 70 km inshorl' From 1.11t' shl'lf Im'ak lIurtll of H:1.
For till' rcm eiulng n'p;itllls IH , urI, lUi , ant] H7 uri~ina1. i llp; lo,·il1.iuus fIJI" l'OI r1.id ,·s
particles originate to t Ill' t'~)rlllwl'lIt uf till' rqJ;ioll ill 'In''l' l iun. From rtll I." lOll ,Ia.v>!
of lilt' model run, tlw 111111I1)('1'of pa rtid l's ill t ill'S" n' p;iotls tlilltinisill's by IH tu fill lX,
wit h maximum rleph-tlou in Wi and minimum d"l' ldiull ill 1t7.
For till' uun-r sluM regious 1M and !lfi initial l'ilr1.id, · sl ~~ li llP; ltWftUullS art' I...
t il(!northwest with :l:l and :\:1%orthl~ IlIlrlidl 'S l'daitwrl within 1.l1t! l't·sl" ·':1.i v" f('p;iull
OWl' a 50 day pl~rio,! ( Fi~ lI rt·s :1.1:k" I). Fur partid l'l' in l"l'p;ilJlts IVI muIICf;..1.!ill ,liLys
or igiuili llt"'ding lo...aliu lls llIay '-Xll'l ld tip t.u :lUll kilt tu tI ... lIurt llwI'sl .. f tl tl's" 1'I :l';i"tt .~.
7ll
I:ur !' a rlidl"l< ill theso n -,;if' lUl a l 100 tlays ( Figun~ :t1 4c, d), ini ti ai ioca t iull a re li p to
I' a rl irl t"l< in n ',; iull IVI a t !i0 . Iays a"~ loeated aloll~ a na rro w area s t r('lc hing
fmlll t ill' lIurU .wc"I<t enrue-r(If t llC'ft',;io ll a r ftll<.'c t h~ !')()()III i!lOhal h lo a loc ati on 100
kill sl'awar,1 from t ile' shc'lf break III !'yl"N . Initialloca t ion of pa r t id c'S pres ent ill R!i
al IUO,Illys, a rc' d IlIl1PI'c! arnund lIl(' )jOO III lsoba t h ill ti ll' uort hem s~dio l1 of our
lIIudd domain. SU1III' pa r1il'll's 111'1'.1,-\1 in 1ht~ rnid-shelf n'p;ioll a isil l11a11 ap;("10 n'lI ~ h
II!'I hy IOUdilyS.
U,7 is a Tt'p;iUll t l11l1 l1J1luins li lt' lIip;III':;l m nct'n1ral itll\ of pe rvicles. I ll i t i alloc~a­
t illll uf pmtidl'll in t his ~'gi(}11 a t 50 rlays aT"" alo ng t ill' 500 III iso ba th up to 600 kill
nor t h (If the " '1titlll . At 100 days. init ial parti -l« loca t ion is along the SOO III isoba th
wit h TflI,I;My Wi % tlf 1.K"a ti'lIIs lIor t1. of !iO"N. Nf'arly half of th~ ~ing loca t ions ar e
lII'award of L11l'!'tOO III illlllliCLh.
For tilt, Notn - Dall", Itay n'~oll 0 I, St"l'd i ll~ loca t iollll for pa r t icles in th~ (Iomai n
a t !',O a nd 100 da ys U n" a lllltJl'lt id t'nt kal in d ist ributi on. Most part icles Sf'edl'd ill 8 1
n-uraln inIlu- r",~i'l11 th nl1lp;h out lIw 100 da y model run, As well a ban d of partid ell
sl'('(II,,1 rcJl1l(h ly 70 kill widl' a lulIp; ~ he axis of lilt' insho re bra nch lip to !;,t°N lLO '
lu lw dpll ilil u II I ,
11lit illl 1\)(,..l iIlWI \If I' ltl"tid l's ill reglou [12 aL 50 end 100 days dit ler slightly,
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pa rticles seeded 70 kill wide illull~ IOl1!:citlldc' ;j(J{i" l~ From n-glou 112 1,(1[I'I"N , hO\W\'I'l'
for parflclos prf'sc'l1l ill B:! a l riOclays, init ial p,u-tit-le' 1I)I",lliuIIScxtcm! ouly 1.0 ri:I"N,
7'1.

























Fip;lIn ' :U."i: Inil iill lm'a liun of par ti,.J('S in sh;ul(·tl I't'g ioll ll HI end B1 at 50 clays (II.
l ll ll i It) atnl at 100 Cl llYS (t' and tI).
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3.4 .2 Interannual Variability in Dispersio n
The number of part k lt,s mh'I'I:tt-d into I( rt '~i tln at a p:iVI'1lHnl\'1In.I'r rl,II'lls., \';lrh~ with
wind furring, and r-an thu s Iw l l,~c'l l as a tool Ior 1ll1l1l 'rsll lllO linp; \'llrinhililY Ill' l 'lll'~ it'l ..
drift induced hy var iabilit y ill thl' wind-driven l'om ponl'HI, ur JlII W , Fu r II ).!:" Ilt'l'al
overview, we plot thl~ numlu-r Ill' j1ilrl;dc,s ill a p;iwll r..,~i on Ilrkr .1 ).!:il'l·ll 1"·I·j"tl of
dnft aguinst Ull~ ,10yea rs ill whifh m il UIt' l1lmll'l ll,~ill ).!: wind rurt'iup;, \ "'1.. 1I111 kl' IISI' lO r
lilt' slu-Hregions HI, Rz, It J, 1M, lVi, Ill; 11111 11t7 all WI'11 111l t Ill' lilly l"l~i ' lIIs III "l lllll:.!
deflned ill FiJ!; lll'I'l; :Uia and b. '1'0ensun- tllllt tllIsl'TVI'd lirif t plll'n'lIlll'u uu m'I' wind
forced I'lfed s and HOt d fecls of tandem walk, WI' run 1.11<' Lilp;mllp;i,lll IIIIIII'I ill "Ild l
of t he tlO years 10 ti mc'll. Fip;llrl'S :U li and a,I 7 pres..ut tlu- uu-nn til' III 1'l'lll;SllI,illllll
uf tho model for parl iclc· 1l1 1l1 .bt' l·s in r-ar-h rl'p;;oll ilp;ains t yl',t1-. Fi).!:11 1·"S :1.11'1 ,11111:I. I!J
IJrc ~~I'l1 t all 10 1"!'lllisa t iOtls fIJI' 1.111' nnmher of l'flr tidl 'S Vt'l"SUSyt'ar in 1',wIL tl'lI; ioll at .''U
OWl'all years, the wind-driven l'U l 'l l'Ull l ~lltc lf How un its UWlI lIHlYiU"'oUllt rIJr II
sout hward parficle tran Hpllrt of ~ o t' l !J(J killover a p ,~ri OlI uf IOUIlayH. O w r till' S1lll"
per iOl; uf time, t'lIs t-WC'St t ransport by Lilt, wiud-drlven t'tlln,HI1lI'Jlt or tlow may WU',V
hct wI'I'1l60 kill wl'lStwards and I\n km c'a ~ twardH 1.I IJ 'UlI ~l ltl Il 1 . tIll' y,'Uts. A~ f" I"l'St't 'lJ,
tlu- dft~d of hOlJlOgl'IIl'tJllS wlud fmd llJ!; Oil pa. t id t, dr ift i ,~ spilLiltlly d"ppwh,n1.. T ll;s
7fi
Hpal illl dcpvnrk-ncy Hl'1I1S from till' spllt ia l I"lriilhilit y ill t lu- nu-uu J,il l' k~ru ll lld now,
On averag e, lilt' wind-driven How rcdno-s t ill' uumln-r uf par1.kk" prt'''I'III, <It :ill allil
100 d ays ill t hl' o ut er shelf rl'p;iulls IU , W·I, and Hi as well us ill t.lu- iunl'r slu-lf rq !,illll
R1. 'fi ll' liolll 11l'fly t ra uxport. by wind is li i~l1 i1i I'il li tly 1I 1 '~il l.i \'t'l ,v n'm 'lall ',] wit.h HII'
1I111ll1wr of Pill'lidl's ill t hl'SI' rq l;iolili ill!iO and !On ,lays wit h I·OI'rt,lat.iull I'" pfl id l'ro!"
T' ran~illg from - O.G1 to -O ,!16 ('!"';lh ll' :t I a lit! :1.1), [II 'O llt rllst. til" wiud-rtrivs-n
cur rent gl' lwra lly illcn 'asl 's lllHlIl" ' 11l of flilrt idl 'l' prn ;<'ll l ill 1.11<' iUIII'1'slll'lr f\'l-:iUIIS B'I
and lUi liS well lIS ill lilt' bay r('.c;i ou.~ IlJ irw l H1. S<mLllt'rly t.filllli/!lIrt I,,V wind is
sig nifica nt ly ('or rd llkd tu tIll' IIl1w llt'r.s !lf pa rti d l's ill HI fIJ I' !ill .unl lUll ,lays . 'I' ll('
numberof partidl'Hill IVl ilt !'Iflday" 1I1sIJ varlt-s sigililil"illlt ly with s" utlu' rly wind-
dr iven tr a nspo rt with a ll r vallll' of 0. li1. Fo r par l id l' 11 lIlnlll'r:<ill n 'p;iulls IW 'I I. !ill
a lit! II. 100 da ys t l1l"I'I' i.s 110 l~tJ r rdati ()lI wit h thl" sllut.llI'rll l'UIIljWIl<'IlL" f wind ·d rhn-rr
noll' (1':5 0 .07).
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Flgnn- :1.1 0: Number of particles inside different regions after 50 days. The graph
rc'll l'lO:;(' ll t~ ll](' 1lI('IUIor 10 rt'alisations. 'The horizonta l line indicates the number of
Imrtidt'S ill t he region i ll t he absence of wind forcing and diffusion.
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Figure :J.17: Number or part ie!!"::! inside ~Iwr.i lk n,~ i llll S at IOU flays, '1'111' ~rn l'l l
rep res ents lllt' 1ll1'1I.1l uf 10 T!·nlisa liulls. TIH'huri l'AI1I Llll lilw i llcli l~al l~ ti ll' 1II1111 111'r uf
partic les in 111" rcglon i ll the absence uf wind rurdn ,l!; IUIl I clilfusiuli.
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Fi,e;urt· :1.HI: NlIlnht'f uf parth-les inside Spt'Cifk n'giulls at rIOdays for 10 realisat ions.
'1'111' horizuut ullitu- tl'llrt':liI'l1ls tl lt' no-wind caso.
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Figu re :),19: Number of ]l llr lidmi iuslde S I Il ~ :i1 il~ fl ·,; i ll IlNa n,l:r lUl ,liLy:' fur ttl n:lLlisl.·
l ions. The horizontelllu- Wprt:SI'IlL~ till' no-wind ,:lISI:,
HI
lnner-shr-H rf'p;i(JlI ~ 1l,1, !Hi and HI are dependent 0 11 tIll' westwa rd comp onent
uf wiud-dr tveu flow. Tl lI'n ~ is it ~i,ltn i li rllll l1wgal. iv(' corr elat ion between lh(~ numbers
ur pnl"tidl~ i ll ~ i d(~ inner ~I IlM rf 'p;i~l11 ~ R4, ItG and BI at 100 days an d eastward wind-
dnveu tmll~ I )lJ rl (Tah ll' :1.2). Th(~ ~llln(' rormlat lon i ~ ~i guilicallL for lJarti cll'~ in t hese
rl 'p;illn ~ I~L !iU Ili~Y ~ wit h l l ll ~ uxrep tion or region ItG. This illust rntr-s till' impcrtano-
uf l illiinp;or t hl' wind-dr iven component of now wit h Tl'sp~r.t to part icle position in
tlw 11I1' IUI Vl'1",'i ly field. At u Ilxcd time, tIll' wind-dr iven t ra nspor t of a parficle muy
Ill' I'lft'l·ti vI' in 'l ltt'r in}!; i l~ 11I)sitillll or IllIVl'dioll tu a region depending on t Ill' location
or t Ilt' purl,id, ' ill th , ~ 1Ill 'lIl1 velocity Iii'l l!.
E astwerd wind-driven transport is significant ly co rrel at ed. at 100 (lays with tIlt'
1111111 111'1'of plU'tidl 's pr('~l' n t in Wi , R7 and B:l. Eastward wind-driven tr anspor t is
1I1 'gat ivd y "or rdatl'd to t ill' 1l111ll!J"1' of particles ill R:3 at 100 days (T a ble 3.2) , bu t
Ult'l'" is nil ~ ip;lli lkal1t correlatio n between pnrt idt' number s in fl.:) al FlO clays (Ta ble
a.l ) iLl111 l'I I ,~lwilfd wind -driven tl'illls[lor t. There is, howe ver, no significa nt correla ti on
!wtWI'I'U c'll.~ l w<lrd wind driven trans port ,mil t he numbe r of parti cles ill R3, R.5 and
Hi at 50 day•..
'I~'l b lt,~ :).:1and :IA nre eorrelo gram s of cro ss correlation coefficie nt s of pa r ticle
1111111 1li'r~ inside a region at 50 ami 100 days. There is significant a lill high coher enc e
lwLwl'I' l1 tlu- interannual variat ion of perfi-lo numbe rs across the shelf break regions
1t:J. [(5 anti Hi lt ~ wt'l1lt~ ~11I' imu-r slu·Jr rt-,;iOI\ It .! . Willli furd lll: n..lun .,. ti ll ' 11 11ll·
Iwr of par~ irh'S ill all of ~I Il'SI' "·I:ioll ~. t\ hi,;11 ilI lll ~i':;lIili " llll t "lI'n·lilti" n il l~. " xi ~t
for parth-lc ,Irm into n'~ioll~ IH . H6 and HI. 1'11•.,.., n',;iull s tlc'IIl'1I11 till :OO >llt l.w;,rol
a nd westwerd wiml-drlven t rans port for l' art idt 'll rdc'n tiulI, III rc."iun III , t ilt· ;..1-
dit lonal sou thward drift allows I)<l rtklt'lt tu c·nllt.~ till' t 'Jl ~t lI..wi n~ illl'huro' hrruu-11 I1r
th.- Labrador Cllrn'l1~ intu «low lllUvinp;c'l);Istlll wiltt' r~ uf tln- Ktmllwr11 "U'I."! ..r Nut ro'
Dame Buy, Wind inn t'lI11t'll t il" retcuuon " f l'nrlid ,'ll illllit]" HI,
T her e ill il sigllilinmt llC'g"liv,~ rorrdnt iull llt'tWl"'1II,IU' IIlllnl,,,r ur parl id ,'lt ill
HI ami th e numberuf pllrt k ll'!' in It'. at 100 days . WI'lttwlltci Will,I·,lrivc·ll lIuw f"VUllO!
part ic~lt' t ransport into UI. wh.'rc'a.~ '·' I.,>twarll wind-drivru lluw rllvClurJt Jlill"tid c'lrllllll-
IltJrl into B:!. Fur tl wr illdif'lltio ll of th is is s:tive'll !ly tl u' ~ ip;lI i li nl/l t /ll~;at iw n>rtI ,l..t tllll
'lC't wt'l~n ('asl warcl wind dr ivc'lI t rallspu rt. il/" I'lilrtidt, IIIUIlI II'~ ill HI ilt i ll ) lIlill lUll
days. allli the !IigllHkilnt jlositiVl' com-l ati cu lH'tWl'l·lI t'a."lwilt .1 WilLll·tlriwll trlll lll l".r~
and number of par ti r lc'!' in 82 at rIOami 100 t1 ay~ . A lthtJll~h ~ hc~ nll'an will.t" illrn ·a...•
I)art irlt' t ra nsport into HI ami H2, V'<l riahility in tl 14 ' will.1 " lU' ~C 'lI uPJ"lSll ,' n 'l'lI",ulIt'li
from par tidt' ~rallsl)Urt into ~laC'St ' 2 l'(·giuns.
The wind-driven rU lll pOI lC'll ~ uf flow i ~ nut <Ill d rc'div" <It iawn ';~"i Il A part id "
numbers ill regions 1t6 a mi Ilnrt k ll]arly It-t, as ill t hl' lmy rt'~i" lI s HI tun] H2. ' l'lu'ltl!
regions haw aIIopensouthern boundary 1 1i~~t 1Ilfcmp;h whk h plartid ' 'l'Illlay exit , Willli
drivcu 1101'0' t'l1lmm:t's suu tllt'ast lJilrtide transport into these tl-giollS. Wind hits a
p;rt'att' r inlllU'nt:tl in lUi t han IVI tllll' to 1I1l~ generally weak stpady curre nt in R6.
l.Alllp;term trends over tIl(' 40 year s call he detected in i.-article muubc rs present
ln a p;iwli rt'V;io!l lhrlJlIglwllt 1I1llyNLTS. The mean number of particles inside B I
; ~l fJ(J 'UI,I 100 ,I ;~y s from OIH~ decade to tilt' nr-xt is dec roaslng t hroughout tilt' 40
year run , Ild wl't' ll tlll' lirst tlt'rad t, ( l!m:) · 19(i2) and t h t~ las t decade (198:1- 1992),
pilrti dl' Ulllllllt·rs iLt .'iO tliLyS t11'rrl :;L~I' from 21.'i to 197, Such iL decreasing t rend is also
PTI'St'1I1 ill R" . The tlt'CTeiL'li ll!-t tre nd in BI and R4 is caused by an increased eas twar d
wind-d riven trail spurt from em- t lt 'cm l(~ to lilt' next ,
Solll.hward tra nsp ort also modulates long term t rends, part icu lar ly in th(~ OI1Lp1"-
shd f Tl'p;iUlls It l, Wi an ti R7. TIU'inlerdc<adal variability in particle numbers prese nt
in llWSt, rt'~io l1S il l. 100 days follows tilt' same tre ed a." intcrdet:adal southe rly wind-
driven tra nspo rt varia hility. III each of the" dec ades of t he mode l run, southerly
wind l Tillt .~port ls !iI, !.i6, 51 and 211 km respect ively. This patt ern is mimicked by
dl'fllllill binucd partkh· numbe rs insidl' outer shelf regions at IDa days. Region R7
for cxntuple IIlL'l n 11Il' 11ll of 165,267,28:1 aml ;H2 for pnrtidp numb ers in the regions
at lUll (In)'s for l'at~h t1(~ril.d('.
Thl'drt'dsof tlirrusion in mrll region is visible ill Figures ;1.\8 11\1(13.19. Here 10
l ' l'al i s l~l ions of pa rt idt's insitl(' each region at 50 ami 100days is plotted agai nst year.
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At 50 days di ffusion docs not d UUlW' rc'stllls for rq ;iuns H:t an ti HI . T Ilt' s li,' llc'llf ti ll'
tlW II.1l cur ve is visible. However for rt'p;iuns H.I, Wi, lHi und H7 ,Iilfu siun '-i111l0UnH~''S
the mean curve us shown in Ftgurcs :U(i and :1.1 7. T his is l' " r1.ic'I1I01I-ly 1.1'11" ut. ."ill
days in HG when' the r!' is 11l1 t~lt'IU' o!Jsc'rva hlt1tn-ml al11lln~ t lu- III n" ,lisal .illlls. 1\1. IUU
days the diffusion plays an importan t rt)lt~ i ll R<I , H."i ,LIllI lUi, Fu r tilt' uth,'1'rt 'P;;UIl S
the mean trend is dearly visible (F igu re :1.I7). IIc'p;io lis IH 11l1,1 lUi an' parti"'111,rly
seus lrlvo to di ffusion. Region RG 1'0\1\ III' mlc'p;u rist ~ llls t h" rt 'p;iull with lIll' slUWt'sl
moving cur rents . Diffus ion limy playII. 11l11'e im porlant m it' wlu-n-cm tt' lIt ll an ' wenker.
Tab le a. 1: Crtl811 rorrelutlon t~odlicil'nl J' between .]1I11l111't of parth-h-s ,'u ,lin!!:i ns irl"
tlilfeTl'nt regions a1 50 (lays and wind-driven l rllilspur l. ,IS is suuthwarr ] wind-driveu
trauspor t uteasurerl as t hl111('l distil lice hdwt'c'u a jJlr lid' l'S liua l and i lli l.iallow1I.tillil
us ing onl y t he wind-driven rompencnt ur flow. ,II~ ill lIlt' t'as!'\lIllrcl wind ,ll'illt'u " U III-
1'011(' 11 1 of flew. The\)5% slgnifk-anee IC'lId is 0,:11, Holduotutlon ,II'HUI,!'s r<lndat itms
coefficients greater t ha n l)A
as · 0,8 1 -0 .95 0,62 -0 .65 (1.07 -0 .81 0 . 52 11.:.1<1
dE · 0,59 O.O!) -0,54 n,on -U,II) O.:17 -0 ,68 0 .55
iii Il~
'nl t , l l~ :f.:l: Crll,~~ l:lIrrl'lilli llll I"Ild lidl'nl " hcl wl't'li I lu lll l)('r~ of part icles ending inside
I li m ~n ~ ll l TI '.1!; i Ull~ at 100 I I IIY~ amI wind-driven t ranspo rt. P resent ed the sa nte as ill
Tllhl ( ~ a.1
,IS -0 .96 1I.:l0 -0 .71 0.02 -0.72 0,43 -0 ,49
1m -O.:lI - 0 ,64 0,47 -0.78 0,4 2 -0.76 0.:14
IItE<:II It" I 1t1 I 1t5 I 1t6 I l« lJ;D::J!£j
Tabl .. :1.:1: CI"f)~S con d ali o ll l,odfi d l' lll " l )('t wl~'1l number of pa rl irll' s Pllllin,e; inside
IIHr"N'nt rt'p;iulls at 1'iO , Iay~ . The gri %signillcauc i' level is O,:H.Bold fon t i lld i cnll'~
l:tJrH,lill illI1S ulmve 0.'10.
1(2 1.00
1(:1 0.6 2 1.00
HIl -O. I!' -0 ,79 1.00
It:, O.;j" 0, 70 -0.68 1.00
lUi 0 .00 -0.09 0.02 -0. 10 1.00
1t7 0.48 0, 90 -0 ,83 0.55 -0.07 1.00
II I · (J.OI -0.73 0 .86 -0 .49 0.18 -0.77 1.00
li2 -0 .57 -0.05 ·0 .29 0,06 ·0.09 0.09 -0.36 1.00
,"11< 1.(, I I" I It,l I 1<4 I ru; I 1t6 I 1<7 [JIT"TilD
'lublo :I..t: Cros.;; ror relution m cflicicn1.I ' between numb ers of particles end ing inside
,Hlfl'l'l' tll rt'r;io ll ~ at 100 days. [{ l ~ ll l ts ure presented as ill Table :l..'I.
Ita LOU
H'I -0. 11 1.00
Wi 0 .56 -0.69 1.00
lUi 0.21 O.:l.'i -0 .46 1.00
11 7 0.62 -0.77 0.89 ·0.;)1 1.00
III · 0.22 0.57 -0 ,80 0.73 -0. 66 1,00
B:! O.:!:! -0 .4 4 0.75 -0.45 0.60 -0 .76 1.00
I lOW II [l:! I H,I I R5 I 1<6 I 1<7 I It l I 1t2 I
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3.5 Dispersion of Egg and Larvae Patches
To illvl"Sli ga Ll· t llt' l11]wdioll (If rod I'g,£\s SP il\\ ·lI\ ', 11l1. ti ll' slwl f bn-ak II'" St'<' l l : , ]li,l t' il<'s
o f 9 par ti r hosin each of til" ,10 yt'1U'S of t.ln-n""I.,\ run. Em'll uf t.lu' :1 Ilil l l-l1l's Il l , II:.!.
pa, p4 i\IUI I'.'icove rs all art'i~ roughly 20 kill hy :1O km 111111 i- "" nl.n,. 1"IUllP; tlu - ."",lIl1 m
isoba th be tween 49 "N all.l 5:1,!',"N [Fig ure :l.20a). WI' ,ld illt' lIl1' ' ,·xl l'wl..,! l'a l,rll ' as
the set of all parlkh~ );('('(k'll ill 11 giVl'1l Plitt'll OVl'I' all ·111 yt',u'S tl f tile' nuuk-l run [i.e.
9 pa t th-les x 40 years ], TIl(""xL"lld,'(! Piltd ll's "ft.'I"2fl d itY-~ of Ill"ifl art' I'lo l.lt'tl ;11
Pigllfl1 :J.20k Also shown ill Ftguro :1.2011 is 1I11' l'o n1.ullr inp; polyp;olllISt'lllt> ,'stilllat,·
the arl'a of each t'xh'mlt~(l patch (Apllt'ndix ( ~ ) . Afl,!'r2ri , ll1 Y~ I Jr tlrifl till' ;Il't'll 'If L1Il '
t hous and square-kilollwt rl's res pecti vely , T llis l:or l't '.~ I J01 l1 l s tu t'x1.I ' IlIII'tl puu-h art'li s :\
to 6 times larger than LI1l'ir wrn'splmtiillp;illitial pall'll MI"I. Wil h till' t'xl"' l'l ilJllor
patch p-l., extended pawh ,lrt'<L~ lI ft<'r 2!i (lays or tlri r1.ill f l't ' il Sl ' i ll a rt'n wit h ~ ;u tl l. l lI'dy
location .
For thl" patches S\>('d(~d at the shelf break, w,~ show till' l't'Sllltll i tt 'lri tlilYS uuly.
Arter longer drirt periods SOll W or l1w(''<l(~nd(,tl lJilt dll -:; lI v('r1 a p with tw "11ntlu-r. ArLt ~r
100(lays of drirt , tIll' only extende-d patclI rdll illl,1!uti ll ll' N(~w foll ll tll allll Slwl f is lha l.
.7
Fi~ll n ' :l.:W: (a) Hv],'ww luratiolls uf parth-le palc!ll's, (11) Loca tlon uf 'extemled
Ilat dl ' fer pl , pHi1lltl p7 Hfkr :l;, clays of tlrift . T I1l' 'ext ended patrh' is t ill' sd of
,~I I p"i llt~ ill it patch n'h 'l~'WI I in all ,10 years uf ti n' 100 da y model tlrirt ruus. TI lt'
'c'xl,C'llcll'cl pate'lil's' are l'IlI"Jl1I ]J ilSSt'd hy it polygon From lIw g''(ll\wt;'ir urea ruut lue
( ~c '{ ' Al'llt 'lltli x C),
aclVl'dt,tl outu t ill' t ill' r-aster u Hankuf l ilt' Gl'Illld lJilllks an d rover la rge a t t'ilS .h lt' to
IHllt it' lt's lx-ing c'lIlmillt'r! into the main br anrh of ti lt' Labrador Cll r r~lI t and out of
t ilt, do main.
Ilnving Itmkt"l lIt pe r ticlo patch di sp ersion at the shelf brea k we now proceed to
l'lllll jl HI'C' lIisjlt'l'siu!l for :i pntehcs of Il1lrtidt 's sl't.'tlt'c!nl, vari ous cross shelf locations.
WI' shall l'o tn p iln ' tlrift fur Ilatdll'S pI which has ber-n pre -..lously defined, p6 seede d
tlu,' nort h Llf ell l'" Fn·ds lIt'ilr 5:lQ N (F igure :J,2 Ib) and p7 seede d near the Inshore
branch or ti ll" l..allradur ( ~llrl1 'nt ill Nuh , DilUl" U;o,\' (FiFo!"'" :1.:!la ). T il,· , ·xlt'1" I,..1
pateh or pi ,Irirllt ac ru<lt t lu- illJlhul1' hr.11wh<lrlIw I.ahriltlur Curn' ''1 inl u "u,lsl ill wn-
h'r.l llt'ar Call'" F'n..-ls, Aflc'r j !i ,Ia)'lt ur ,Irintl,,' , 'xII·IIII,..I I'llk l, " r I,i ,,In't.-l1l''' al" uJ:;
l lw COit.'il rrom COU("I'(ltilll1 Hay to :iO kill lLurlhwl.,.t " r ( ';'1"" Fn.." lt. '1111', 'xl. 'm l...1
patc h or IJi is l()('a ll ..I . lm' !'\I llllh ur ~ 1 1I' It,.....li n~ Im';l Ity 2r, lUlIl .'ill ,Iil)'s wit h !'\Imu, .. r
lilt' lJartidrli r,'a" hi ll~ till' "vilst lill" Il1'ilr H"IMViltl il lIa )' hy !ill ,lays. IH lt-r j r, ,lil.V!! ur
,lri rl pa rl irl" 11 ill 111,· ,'xll'n,II'1! pnld l "r pHnrc' '·""I""lIl.n,I.",1ill two ).!; I'U" I'S wilh un"
gruup ill{JlI ~ lIll ' l'illltl'rli l'IlI~~l (lr Nr-wfcuudhuu l 11l'1.wl"'u Ci'l '" BU1l 11 Vis1.il a ll,1 CIII"'
( f' i,;uw :J.2 Ih).
To ,~tilll i1 lt, Ill(' iUt'a ur l l,.· , 'x\.('Il.I,..1 l'"tl"1".... wr - lIlllk.' list · \lr it ... ",t uu ri,,1:.
poly,;uu rur .,...-11patdl (Apl' ,·", lix C:) whk-hilt a lllll show u ill I,'il:.ur.'lt :1.2 h, It . i, '1'111"
Pigur es :J,?bt. slltlWlI l h,' "VOlllll UlJor ti lt" Il.Il 'a o r 1IH'.'Xl,'",I...l llllld lf'lt f"l 1'1. ItI"i illlli
p7 wi th dri ft tim. '. T it" ,'x lt ',"I,,,1 pa lc'lt ..r 117 C'UV" r.I ti ll ' Sl1l;, lI,'Sl iHl'a . T llilt is ,I""
to the inshore lura t ion fir it:c"ilrtirll~ afl"r ril , liIY~ ur ,Irirt. Ahllt" l~h ti ll' "dl'lIo1,',1
pak h an-a o r 1'1 initially , 'x i>alll l ~ al till' ~iLl1 l1 ' ralt' jl~ tlmL" r 1'7. it "ullt irllU's t"
I'xpllntl while tIll' . 'xll'm ll'll IIiIlt' h iLn 'a or p7 Il ~vds "Ir li n N !ill dilyS or ,I..irt. '1'111'
l'x lClllle(1 pa tch ar"1t. (IJI' IIIi t' x pa ll ,] ~ IIII' rlL',,1."lIl . By Illll ,lilylt uf drirt till ' ,' xl ,'"d,..1
lI liLl . lIlilt. uf pl, " his wI'ill. 'r "x l. .~r IlJ"fl patdJ area for pu is dUl~ to t ill' dispersion of
'r ill' .'V"llltiUII cf till' r-xtonrl patch arr-as for 1.111' shelf brea k patelws pi , p~, pa,
11,1 iltlll p!'i nre shuwn ill Fij:(nl"l' :l.:l:l1J. As t ill' e-xtendod pat dlL"Sdri ft over th e eastern
Hank " f t ill' ( ;l"all(1 Banks wilh SO liII' pa r li d l's C'lItraitll'd into 1I11'Lab rador Curn'nt ,
Llw an-us 1ll " iL~IIf!', 1 with tilt' rontonrlug puly~ull may 11 1d lla l.,. F'igur t· ;J.22L shews
t il l ' . 'X1.I'11111'1I patdl arc'lI for all Uw partick-s in ti ll' <>x1.I'I1(I('(1 patch that are ill the
domain. I'a tt id.' s iSlJlalt'<l from 1.111' rest uf t ilt' patc'h arc' removed subject ively to
lL\'oiti II hl r~(' 1lt('IL~IlI"l'1Jl t'lIt o f 111·"11 Ihw to t ill' prt'SI'nn' of a singl., particle. Par t ir:l..s
out. of tIlt' tlll tllili lt an- 1101. included in t he extended pat ch area measurement, This
may 11'IUI to some- of t he Huetuatio u caused in ..xtendcd patC'hareas particu larly fOI"
1,:1, 1',1aru l p!'i. Aft,I'r XO days of dri ft tb« ex tended patch of 1'2 has t he lowest sur face
urea. I' artit-I,'S Irum this pau-h lin' r..claim..l ou tln- nort heastern fla nk of t he (lrund
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Figure :1.21: Locafiou of '('xll'nlll'l! patd l' ftlrpatdu'!Ipi , pfi 11/1,1117 (small ,luL>;) aft.'r
25, no and 75 day:. of drift. I n i li il l l JiLl l~h lornticn (tbirk tlutll) i .~ shown fur UII ~ :.!!i ,IllY
plots (a,ll and t:). The '.'xl,'n,I,',1 patrh' is tll1' !<d IIf nil I'u illt!! ill Il plLt.d l n·lt ~IUiI,. 1
over t he tlO year model TUIl .
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Fip;llTC' :l . ~:l : SurflKI'an-a (St'l' Appt'mlix C) of extended patches versus d ay of mod el
rim. (IL) for ex tended pat ches of patches pi , p6 and p7. (b ) for extended patches or
plItdlt' s pl , p:l, p:J, )lI t 1I1111 1'1i.
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3.6 Discussion
the Newfoundland Shelf. 'Nt' also link dlill1P;"~ in tho whul -drl vcn "U1I1P"1l"l1l t>f llow
to changes ill par t id e tlrift and rotention of partu-k-s in curious Tt,!:tiolls "f tlu- «h-H.
Our object ive is to infer from mo dellin g pa..~ si vt· drift , ravtl1\rahl,~ .~ p1l\v n ill~ ~1'U1I11t 1
locations for northern cod.
Comparisons of mu dd l"t! d rift wit h uh~NVt 't l t1rift t' rs sho w rt'asuna l l h~ i ~~n't~-
mcnt . The sout hwar d transport, of uhSl'l'vj'd dr iftt'rs is reprodueed hy t ill' lIlud,'1. T tlt'
additio n of t he wind driven component of flow r-an improve n ',~( ~ 1Il 1 1 IiUlt't ' uf 111,,<11'1
drift tra cks to ohser Vt'(ldr ift t racks. Artl'r xu (lay,~ tl l t ~ net d isl' liu'I·IltI'lll lwlwI 'l' lI lina r
and initial obse rved dr ifte r locutio ns i.~ rOllg hly !ld Wf't '1i I lo :1 tjll lf'~ f"rUll' l' lh an
the displacement re pro tluCf,d by the mudd although 1I1e' ill~ t l1a l II' n~l,h "f tlu- drift ,' r
tracks is 011 the ordl~r of 2 to 5 limes greater than mu dd llrift tm rks, '1'1](' IlIw ld
does not reproduce pa rticl es reversi ng di rec t ion, as is sUllWtlllWSuhsl'rvI~ t. M"I rl'!
part icles have a tendency to be ret ain ed on UII~ ~1 1C~l f wl ll~rl 'Il.~ lJ"St~ rVI '1 1 f l riflt ~r~ ll'lId
to dr ifl into the m ain branch of the Lab rador Cll rrt~ ll1... The rt '(IIlt:I ~d iulvl't:l.iulI ml t'l'l
in th« mode l are caus l,d partl y hy a elreulatlon fid d with II tl HlIr t ' r iU1I1 s lllWt~r lII"vi ll~
hydrographic featu res su ch as til l! mniu branch or the LnlltiullJr Cllrtl ~ lI t. 0 11 1'1IIIJlld
lim'S l'l 'rlllit n 1l1l1ll hc~r of inLt~r(!Ntillg (jhs(~r v1Lt i onN on passive particle dri ft relating
ttl aclVI~di Ull of 1~(Jd I' JU;S audlarvae and improves gr<~ally Oil t he analytical model of
Clmptl ~ r :l hy irwludillp;spat.bl (11~pl~lIdc~nr(' in the circulatiou fj<'ld.
l 'IL~si Vl ' I'i1 rtk l l 'S drifting into 1I11~ lnshorebuy l"t'g ion .~ HI ami B2 or iginate [rom
further nort h, l'iL~ t of :UJ7"W. fl, 'p;ioll IH represent s Not re Dam!' hay ann 82 repre -
Sl ·nl.~ Bonavistu, Trinity, and Conre ptio n Bays. T he inshore brunch of the Lab rador
(:ll rn~llt is all im porl allt inllm-nce Oil the ad vection of particl es into coasta l waters
of Newfoundlxnd, T Ill' wind-rlrlven lIow incroaecs t he number of parti d<,s cross ing
tlu' iush lltl· brunch !If tIll' Labrador cur rent into r-oastu l waters . If 1H1l'SC'ry gro\luds
fur northeru rod are t hcl hays of nor theastern Newfoundla nd, then, based Oil pa.~sive
drifl. over pericds ranging ftum liO1.0100days , corresponding spawning grounds for
nort her n r-od may lie anywhere north and west or Ci~l'l~ Fn~c1s as well as ncar t he
rOlL'll. T he> wind-driven compcmmt or now increases the num ber of cod lar vae t ha t
emor thebay rq~ions. Sino- lIwsl'C,dillgar range ment in our model is regula rly spaced,
tl u- number or p ilrt idc's ac!VI'(CLc'd into th« bay region s is propo rtiuual to the surface
nn'l~ of lhe crigiuutiug parlirh~ locat ions. T hus t he wind-driven com pone nt of flow
mey inc rease the siz(' of suitable spawning grounds for rod whose larvae t hrive ill the
111lYS of llortlH'asl. Newfoundland.
Auothor approach for icll'ntiry ing suitable spawni ng grou nds is to ident ify re-
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giOll~ of retent ion wher e t ilt' tliSlllan 'mt'lIl tlf st't'dt'd paf tidt ,s j~ low, eutlll'ilrilti"t' ly t tl
most of the Newfo und land S hdL From nlilltlurs uf pm tklp t1ispllu't'lluont ill FiKlI rl'.~
;l.r, ami 3.6 , an ob vious WIll' of retention thrllllKlltllll t ilt, yt'ars \\'uuh l Ill' l.lu-illslnm-
regions of Newfoundland. T lu-se would lH' rl'Kiolls when- sJlllwllinp; Krtlllulls wU1l111
coincide wit h nursery grou nds 11m' to t h(1101'1 on-r ent vd lldti, 's. ll uwcver tlu- tlll'UP;'
raphy lind the mod el rcsclutl on 'If of _ ~o km dOl'S till lint pl'rm it Alltul rorulut iou
o f th e current with ill 10 t tl ~O km of Llu-fllil:< t uf NI'wfllllll,n, L1 ltl awl ill Lln- l "ly". A
mo re de tailed model of the advect ion of ('... 1 t'p;g" Ililtl l.nv",' ill a ella s!.I,1 l~i1"C~u 'a1.i"11
model or a b.~y eirculation model is 11l~~d(,1 1 til s t lltly t ill' p'L...~ i v l' d rift of 11lI'v,It' i lltu
and 0111 of bays. TIlt' pn-sunt lllotld dill'S allow us tu uh..·;t't Vt' thal wlud i lll 'n 'II.~I ·S
particle advoetion lowar, ls tilt"nOl'tlw1Lst Newfouudluud t~lJlISt .
A St'I~OIU I e-glon of ren-nt.io n Otl llw Nowfuuudluud Hlu-lfwllul ll hI' till' lIIill-slll' lf
ar('i~ no rt h of 5 1 ON, between tilt' in,~how nul! o llshun- h rand ll's <If till ! Labnuhu-Cu r-
rent , In this reg ion, see ded pa rticle s arc!mlwdl'll dis t ;lIl l~C$ Il'ss t han :1 1<lJl lu'r dny ill
the no-wind case all d Ie-ss than a,!i kill 1)('1" day ill t1 U \ wind furn 't! 1~'~SI ' . Fromul'~ ' rv;l-
tlou of !)art ide drift , pa rti c!plISl'l'(!l't! ill th ill rq~iClIL ure l"t>laiut'll UII lilt' N"Wrulllllllilllfl
SluM during th e 100 day mo del run and do IIll l drm Ulltu t hp Or and llilllk ll ill t l laL
per iod of ti m e . T hus flO to 100 day old larviLI! 0 11 tlw Nl\wftl1lt1fllallll SIIIM j Ulit nllrth
of the Grand Banks could be apawned ill this mld-shelf spitwlliliA siu-.
l).'i
A llot l lt ~ r region of rot eut lou ide nt ified hy our model, is the north end of the
(In.nd Ii /~ll ks a.~ wd l ,..'I lI )(~ nust' of tI](~ Grand Banks, T hese areas arc contained ill
rl'giulls Wi lLntr R7 am i I JiLVt ~ trans port limier 2 kill per day (F igures :J.6a,b an d c),
Il sl.OIlI(l hi' noted thllt pll rtide.~ ill R7 along th e easte rn bou nda ry ar e advected into
the main hrmwh of lIw Labrador Current. Som e of the particles seeded ill R6 dr ift
OVt'r JOO days liS fa r as t he.')OO III ilSobal h ou t he sou thwestern flank the Grand Bank s.
TIll' m<>sl favo1l mhl .~ loca tion for spawni ng alo ng the northern 5"r_tion of th.. Grand
Hunks ha.~.·d on 1011 day drift runs would II(' region R7. T he majo rity of particles
fWIIl 1t7 dr irt into 1I1t1 ce ntre or tht' Grand Ba nks over th is pe riod. Based 0 11 th ese
llloJd prvdictiona, co d spawning ill the nort hern sect ion or the Grand Banks could
fenn II self sustaining popu lat ion .
T here is iLdlserepaucy betwee n our model runs or passive drifters and t hose
hy llclbig d al. (HJ!tl). Helbig ct Ill . used the barotr opic ci rcula t ion model of
(I n''-'Ilbt' rg mltl Petrie (bJX8) (GP) to look at ad vect ion of passive pa rti cles seeded
on 1IIt1 Newfoundland Shelf. Th ey also looked at ti lt' effect s or idealis ed wind forcing
incllll ling i (l ['ali Sl~tl storms. Using the O P model as t he mean cur rent flow field, Helbig
rt III. ohspl'vt'<! tha t model drifters seeded uti t he Newfoundland 51 ·If are adve cted
a!'U1l1Ll1 tll<'Gr<md Ban ks nuduot on to it as occurs with our model [Fig ure :J.12a a nd
Ii). Fllr t lwTlIlllrt· drincr« from th e 1991 field pr ogram of OPEN are observed to he
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adve cte d t hrough the Flemi sh Pass around till' Grand Bank s.
The Lagrangia n modd dri ft Stlldjl's lwlp iIl ll sl,ri~t( ' 111l' filtl ' uf mi l l'AAS ,Ill.!
la rvae spawned at tIll' shelf hN'i1k il Jon~ t ill' !'ion m hmh'l.th. All\'l'l'l.iun illun,!!; UIl'
shelf break is high wit h par tiele displm·I'11l1·nl. p;n 'atl'r than !'iktu per da.v. Nurtlu·rl.v
spawnillp; along the she lf bre-ak lushor e from ti ll' son tln-m Lah riultlf CII<lsl is tIll'
most sui ta ble spll.wnillg ground. HI'1"I1 arlvwtion ratl 'N art' I"WI'Nt wilh l ll.· 111",11'\
illdkatiug t hat particles drif t onto thl' slll'tf. Amonp;pnrl,idl' pntd ll's :<1......11,,1 at !.Ill'
shelf ;m~ak (figur e a.20), only t ilt' most uort hcrly SI...,t!I'11 pil.trh of larv,,.. n-malu ti ll
the Ncwfoundluml Shelf aftl1r 100 d,ws uf Ilrift . 'I'll!' rt'lIIairull'r t!rifloll ttl 1.11,- UTan,1
Banks wit h iI. por t ion of parlirll'll ilt!VI'!:lI'd 1If011ll11 t ill' hil.l1ks um l ont tlf 1I11' ,Itlilla in.
Our mod el shows t hat ill all t hl' yl1il.lll of lIw model run, 1ItI part idl 1sl't'III,t1altJll,l!; t ill'
shelf break may reac h th e ct)l\..~t lLl waters uf Newfuumlland . Thus !llu;l·d 0 11 tl lIl' lIIudd
of passive part icle drift lip to 100 days, for a 1~tJ(1 populat lou spawll i ll~ at t ll11 ~ lrdf
break, its nursery grounds are unlikely to hl~ tlll~ hays of l'I~~ ll'l'll Nl'W{Ulllld!il.llll.
While permitting us to idl'nlify s llila!J II~ ~pil.w ll i n~ ~ l'(Jll1H ls I li~~I ',1 nu rt't l'ut illll,
t he model also permits iuvestigat hms of tIll' dll1Ctllr win" , suehas rl~~iuIlS wln-n- wlnd
is an important factor n- gnrding d r;i. , T ire wiml-rjriven COIII]lUIlt 't1t l,r fluw illl :rl'l ~'lt 'S
the numb er of particle s tlri rt i ~ in to inner .~IIlM rl~gi(lll ~ while rt~dll dl1,1!; tl](' 1l 111ll"1~1'
of particles drift ing in to enter sluM reglons . T he va.ria.lIili ty uf thu sout herly wlnd-
!J7
t!rivi'u i ~" JII I J Ol ll'lll uf Howis strongly ner,al ivd y rorrciated with particle drift into t he
olltt'Nh d f rl'~ iu lls ILllil positively mrrt' ralt'd with drirt into inner shelf tl'gioll:<l. Thus
lilt, willll-flrivl't1 (~UrnpOl I(\ll l of /low in any given year may fny<JIJr par ticle dd ft into




III thi~ t hesis we haw pr t'llt' lll l't i au illlalytiral au.11I nunn-rieul .. ....I.·] r"J/;IlTIiIlK 1"("
tenfiou allli ad vection of flMlt'AA"mid larV'oU' till till' Nt·wrulIIullmut SIIl'Ir. Init ially
of Northern God, t1wn·hy ,1t·\.t·rmill;lI1;if Nurtlll'rll Cud l"'f'ruitll\l'1I1 is lIl'lIsil iv,' tu
)lhysirnl advectlon al Lin' f"gg am i larval S~I·.
O ur ana lyt irall\l'l'TtJ'U"h fOllsililNl of 1IOIv;l1,f; ll ll' "' lv...·t i,, 11 ,Iilfll,.j"u ' ''I" illi .oIIfur
a Illiteh of l'ggs illltilarvlu' illlll U'flll't l ill a t illl l,-, I"pl'IIlI"lI L,sl'ilLilllly humtJl1;t,u"" lls Ilcw
fh-hl.As 11.shelf n-tcnticn index WI'usc,tIll' prflilurl ihli of 1;.t Vlll ~ 1111 ti ll' ldwlf iiVI·tHI!:I·,1
over a glven ,lrift pt>rillli ( R~ v). TIll'allalyl i f~ul l11, ,, ld KllAAI·kL,·, I I,IHll rl'l"nl j" 11lIf l ar vao ~
is lil,l111;liv( ' lo pllralll1'Lt'rll llllrh lUItIm llizl' Or II larval pal d. lUl11wiud Jllln tllll'LI'ri 'lltlill ll ,
9!J
par1 i'~ lI la rly WIWII sJlawliinp;tlITUrS al the shelf brea k. Furthermore , re ten tion for a
Jllitd l IIf .'AAS s('l,dr-r] ill t lw .~ I IlM brenk ls highly variub le. O ver the course of 100 days,
willli dr ivl'll !:russ-shd f d ispla(( ~lIIell l of a patch of la rvae is oe tWf"e ll 50 km offshore
CUm pllrill}l; til l! rl'l,('llt ion illll , ·x wit h rcc ruil lllf'lll for the ~JJ Lir(~ 2J:U<L rl'gious
prUlllwl,d cllrrdat iflJl.~ th a t were at most marginally s ignifica nt , While llw 2.):3KL
l"l~'f lli tltl ( ~1l11 Ial " sf'l is t ill' mos t romp rehenslve for Nor t hern Cod , it alsocovers t he
(~llLir(' :J..I:!J< L cod st ock. With the analytical model we were ex ploring th e retention
ora putrh of la rvae iuifinlly rele ased al the shelf break. T hus our index It"" may
not IJrup.'r1y l"f 'pn 'S('ll t til(' tf'lnntioll of larvae OV(1r thl' l'llt i rt~ Newfo undland SluM,
w., 1l1sIJ noll' 1.1111 til!' Labrador Current has st rong spa t ial eharacteristlcs and t hat
q~p;s mill larvae (!l·ift is governed by the i ll $illl flow and not tilt' vt'rtical ave raged
How. Wlll~1l 1'1(' IL~S ll ll1 l' that rod eggs and lar vae drift according to 1h(1bulk Ekm an
tlow, we pm puSl' th at eggs nn- ev enly . lislr i ...»ned ill t he upper colu mn , alit! lhat
we' a rt' rolluwi n~ t Ilt' moan dri ft o f part icles SI'l' ([I' d over t he en ti re wat er column.
Ind ntlillJt lilt' vorth-al dist ributi ou of t he wind dr iven component of now am! larvae
wouhl incrcus- f1ilfllsivit y.
Oll t Lagruuglau d rif t mudd proved 10 be an e fficient too l a t determin ing the
drift of pilt;sive pll r1k[('~ s.'1't,l..1 t hough out the entire shelf. One of our aims was 10
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delf'tmilll' pos..~ib!(· , p,wi lling a m] 1II1f'St'ry f;IUIlII' !l< (ur Nut UlI'fIl Cu,1.
For ("0,1 ""IIOSt, Iilf\'<w d,'w lop ill lilt' hily!!o( Ilurt h"/tsll 'rll N,'W("urll ll'"11I , lIIu,l-
t'l liul': of p,,:;:;ivl' .Irifluvrr pt'riucbl of ....,0 Itl 100 ,Jayll IIl1r;1:,...l lll"t tilt" " urn "lll l\ tl l, l i u~
wel l a.~ tilt' n;r;ioll lltrt,tchill,l;northwards from Null...' I>nl1l1'nay lu l l... Suull " 'f1j CUi",l
of Labrad or and Wl'llt of Cap,~ Freels. TIII~ mid-shelf ,m'iL al Hamiltu l1 B'llIk \\'11111.1
\)1'fa vour...hl!' for »pawning, with low iU!VI'f"!.illll rall'Nh.'tWI'l'lI t ill' iw·;l1II1"I ' ,ifill Illaiu
bra nch of tilt' Llllmu!ut Cllrr,'nt , EM S 1l11<lWlll·.1 ill t hiN rt'p;iolls urt - rt·!.iliul'f! till 1Ill'
sllt'U lor all"ils t tOO ,lIlyK. For It rod IX)]IIl!at illn IIpllw ll in~ al l lll' sln-lf lm-ak, 1'11"'''.1
011our mo delling of Ila'<lli v.~ dr ift , it ill '1Illikd y t hat 1,lrvll" wIIIII.1 rcarh tl ·..i.lIl IIf
Newfoundland. Ilowr-ver lIon ltt'rly llpawn inp;m-arM"N w.m!l\ III' mlln ' llllit llIt,t ll'LlI
so ullu.'T)Y spawnill1; !linN' l'Mll a lii) la rvae Wtlllltl hI' fI'Lili/ll'l1 " II till' Nt'wf'Hlwlla/ll1
Shelr. Spaw ning a)Ol1~ t ile 1I11C"I r break (llrtl ll'r MJ!lt h Wil li'" 11av,' "AA!I alll l lnrv,u ' ,!rift
0111.0the Grand Ban k, or OVt'r till" nose 01' th.. Oralld Ha nk!< awl illl" till' main Ilrll.lldl
of t he Labrador C urrent .
Although WI' 11S1' II slkh- mml'" for tlll~ wiud-driven llow, L1..~ d rc'd IIr willi! '11 1
th c~ retention (If larYal' is 1I]ll1.l i;"lIy .ll ~Pt·l ..ll·lll. 111 p;"III'ml, Wll i ll ~ L1 11' wit..1 i lll ' I1 'I'"'lI~
par Liel!! dr if t into inshore and inur-r-shelfrl'l',;iol1l1 , it " IKII rt " !lIn'K IHltt. i r:l, ~ rdl 'll l iull ill
outer-shel f reglons, Fllrt l1l'rmor e , ov er l in' " IIIII'II(! uf ti ll' ~ 11 yl'arN ..r 1.1 1l ~ trlwld TIIII ,
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sUlll.1lwarl1Willll-l!rivc'lItra llsl,url is der-reasingandeas tward wind driventranspo rt is
ill,:wIL~i tlll . TIll' ll'sllllilllltc·t<'lItioliof parLidl's in in ~ hore and inner-shelfregionswith
t ill' 1 ~"n ~l ,t ill n uf It ! is dl":rt'lL~ill,e; nud rl'\.I'liliun in outl'r-s!JI'lf l"I'giom ls inen-aslng.
TIll' tlC'P;lILivl' c:um o[ l,[iull Ill 'I I'iI'('l1 I,arl it-Ic'>" driCling into region Bl and B:!, snAAes t
tl."l till' w;rul drivc'lIflIlIl jl Ulll 'lI', uf llow may favollTpar1id c'drift into on!' hay wgion
IIt lhc~ I 'X IJl 'tl .~e uf partidc' drift into the oLhpt.
11 ~ hl!lI rl l 1m nutl'(l tlmL all OUT 1Il00Id results are based 011 it 2-D cireelation
lipid,wlwrt, WI~ a~SC I1l11' that endI' M S awl larvae are distributed ill the top .'i0meters
uf tlu' water eotuum ami that t ile's,' ('p;gs alUl larvae drm affording to the lop 50 111
Vl'r lk nlly uverngcdllow. Further sl.ucly of larval codadvection 0 11 tlw Newfoundland
Shdf will n'lluire n ;j dimeualoualdrcnla tlonmo del, and use of 11 specifled or dynam-
il'1dly 1l1U11dlNl vcrtiral distribution ur I'W and larval', All import .autimprovement
fruill 'l_1ltu :I~ n IJa<sil'l' I]rirt mcdolling would be the vcrtlcal ~ h('II 1" ill thewinddriven
I ·U IlI I ,ulll ~n l llr flow wlrlrh would 1U l v(~rt surface perurles faster in a diffrrent direction
than partkb at depth. Thus N{'lIsitivity to wi1lds would he increased with vent-
n il rlisttiluuiou plilying Ill!important roll' ill the horizontal drift.of ('ggs amilarvae
(IIMtsd l rf aI, I!lS!l), Detailed modellingof drining larvae al the shelf break wi11
m lllifl' llti1lll'lll'lwlllll'nlh, lruriinic mocid lo re;;olvl'e ddil'S,
The l'i-I:ulllliun fieldfOIiS tflli ll~ ti ll' IIhility of Lagrangian drift models ill repro-
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dur-ing l 'g,; an d larva l drift of northt-m cod. III unr nunh-l. \\'1 ' n:<" II " lliill!: lI11:<Iit- [low
f ield represe nting t he I1l1'a1l flow Iluri ng Llu- sprill~ NI',ls o n O\'t'1'/'ill yt'1t 1'~ , ( ~ullllla r;s"1\
to d ri fter d a ta ~ Ilgg{'s t t ha t (JI ll' lllo dd uVI'l't'sl. i lll ill,c's TI'l.c' nl,illn .. f lillT,ll' un 1,1t" s ht,l f,
One rather siltlfllis l,it:: i1S,~tl lnpt i cll l of our mucIc-! is l i,a !. ll ll' Willtl is I,n 'a l,t,tl I,s nul-
wind fiehls s uch as s tO l'l1I ,~ ruuld iulhlt'lIl't, Ilrift uf larv.u-from slll'lf "" l-\illIl S In illsl111n'
reg io ns . Better pilril llWlc,risllt iu lI uf tlu - wind , lriwlI n 1ll1lllJllt'nl. of Iluw is 111111,,11111.·
edl y import.aut. Va ryi ng VI'1't kll l ,li lrlls;v ity ruay allow wllltl-illdu"I',[ vc'I'I,i..a ll ·lIrl'l'llh
dri ft o f lar-vae. Tempora l vilr iati olls in t he' Vl'r t k al d il rllslvi ly t'odlit'il' lIt n Jlllll ll1tHl·
1l1a t l' thc' magtl i l lldc~ o f the wind driven t'urupuueut (If llnw with lilllt', Also, as h l~~
11I'en noted hy Lnaier andWright ( I!J9a ), uVI'1'1l 11 t rlllLSlllJrt o f lI lc' 1,1,111'11,1111' ( :lIr : "111
unde rgoes H(',~'lOI1<t 1 lluctuat ions (h ll~ to fn's h wat er ruuoll. 'I'inu - o f Spl,wllillg willi
respeet to va riat ions i ll the st n-ng th of t lw Labrador C~ l1 ,. rt' II I , may a lslI ViU'y rp1,I'u t illll.
T ILliS tl)('I'1 ' an' a numberuf ot hor fad-ol's tl l1lt must, hc' l'lJllsid(,I'I'c[ fur ill dliSil1ll ill
future hiologkal / l' hysk<tllllmlds or t hh Tt'V;iUll,
The wind-driven ami meau c'Ol11p tJ!l('lI l s of flow allow 1'v;.t!;S Sl'l,,[(,d l1ur t h un.l
wes t o f Ca pe Freela to dri ft into c~(Jasta l N('wfnlllllllluu l. 1':V;V;s spa wll!',] lI<'a1' ti ll' s lwlf
break, are a dver ted alc,ng t lw sluM by t h l~ Ilwau at,, 1 wi r lt l · rl ri v'~l1 dn:1l1ati u li 1,",1
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1,114' r\('wfo lilldlltuol SllI'lf on ltl till' (; nuill Hanks, n l1lt 1"ilTY to l lll' d r ifte r mo ,h'fling
..f 1I,'lhiA vt »l. ( l !Hlt ), Basl'rlulI l"t'.I!;iulIS of Tt,dlr('l! advecti on, su ilah l,· sp aw ning
",TUllflls wUllltl lw !.Ill'mid shelf art'!t UOTtl! of ,"J;!"N ilutlllw north ('11(1of tht' f: rilild
B!Ulk.~ .
Siftt"t' 1,)11 ' mujority tl f ro ,l an ' tl ltJl1,!{h t to spa wn itt t ln- shelf brea k It que stion
ttl I", ;,lJ S W I' n',j hv Fntun- ll w d l']S is: how lh l' 1I]ld f br ea k ran ln- il slli lah ll' spawning
.l:;rtllll lll ? B'l s. ~1 on t.111' t wo 11l,l( l t' L~ lHt >:;"1l1" d in thi s l lwsis, i.h«sll1'lf h n'ak is not all
i,II',1ISPllWlI ill l!: ground. It Tt'maills Lu lit' SI"" l1 if future models ra il show how Pggs n,.,[
Illrvi!t' St,,',I,'d ;,1 t l1l' sluM hn '" k ,',11\ !"t'ad l coast al New foundl and or nre ret aine d 0\'('1'
tllt' slwlf. If mot h' l1inA iItlv"t,ti"l1 l'1l1l11ot valklu to shelf retention of la rvae spawned
at 1.IIl' »lu-lf hrenk, 1111'11 \\'1 ' will llt,,'d t tl Tl'adtlrt,ss tl w question of suit able IIlIfSI' Ty
Aruulllls for 110 1'1111"1'11 ,"u,1 populationsSllIlWll i up; a t the shelf bn-ak .
Appendix A
Finite Differencing the Pollard
Millard Model
T IU'modi' ] that we apply was dl'vd()pt~tl hy l'ul1an l 1'Iul Milh,rd (1!17U).
\Vt' solve ti ll' followlug ('qllal io tls unmorically,
!fjf-III :::: ~-" ll
!!.!!. + fu =~ -1"11
m flit
IA.I)
whcrcn lin' /I are z aml y I~011l Ptlrtt'li ts o r now , T" 1mel T~ an- tl w .r. '11I,1!J '·U!Il I IllIJ I 'nl.1l
of wlud st ress, " is li lt' dt'pt h of Llw mix!',1 layer , fI is l lll ~ .I,ousily of Sl'h water , ,. is
till' "odli d. 'nt uf lint'IL l' rrkt iull lilld f is t ill' Cori o lis parameter,
T Ill' alm vl' d i lrl ~ff ~n l.i al l ~ l l ll lLl. im l s an- solvedusing a leap frog ill time differencing
Sdlf'lI l!',
U" + l ='26'{(~)" _ru" - fll"}+ li N-!
SIII"' l'snip1. 11 r"fl 'l'>\ to 1.111' t inw su-pIItti nw n6l wlwrer is I~ i ll t" g, ~ r ,
(A.:l)
(A.4)
A probk-m ,,,.,,,, n ill/( wil li th e Il'lIp fro~ ill Linu-dilfrrrnci ng is t iml' splilling,
Sill"!' t ill' solutlou uf vdtJdtks at linll' skI' II + I il' sulvl'd hy milling" facto r to t he
vr-hn-Ity sllilitioll at tinu- I'l" I' 11- J, till"solution from 01l~ tinw ste p 10 the next may
drift ,Ip,Ir1, sueh t1l<lt ,~ft l'r man y t illle steps the solution of velocities a t even II Hru«
1'11'1':1 no IOIl,!!pr J"('Sllmhl!'S lilt"sol utio n ,It odd 1/ tin1l' st eps, To ensure t hat CVl'1l and
tld,1 su lllliuus do Hot d rift ap art , we lise" forward rime ste pping scheme e very 11ft
t iltH'sll' ps, 1II '!"I' 11ft is illllJ( 1d in tl ',!!;t' f chos eu a rbi t ra rlly , T Ilt' forwar d iu ti me solutions
1/,,+ 1 = 61 {(~) " - rn" +fV"}+ 11"
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III this Sl'ltiull WI' dt'l'lnilw ti ll' Lagmll,l!;ian tracking routine usedin this thesis, We
I ll't o:;(~ 11 1 a liilll pic' itl'rllliVt' procedu re for determining the position of a passive paTti-
eh- 1l11Vt'd'·t] thnJllgh a 2 dinwllsional time-depen dent now field defined on It finite
clilf"tt' l1n'l1ws h.
T Ill' vl'!ot:ily (If ,\ plI..~si v(· Ilriflt~r is equal to t lH' inslanlarlC'olls velocity of till'
Iluicl li t th., drift"r'M l ~llrrc'11 1 location . The velocity field is known only at discrete
intervals i ll S!W'I' ,111,1 tinu-, w!wrl'as discrete particles <lrHtthro ugh the velocity field
nlll l,;II11olls1y ill S]) ,U' ( ' and time. Therefore WI'inte rpolate till' velocity field to a
par l.k\t· Juration to Iilid ils advection velocity. To ensure smoot hness in particle pal lrs
WI'i1l11llt'lllt' l11.an il t'ralivt· l inll' lLwrap;inp;method for determining part lrh- positi ons
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at t he next Lillll' sh 'l'.
At Lillll't, a partidl' hlUl 1N.l:SiLiulI 1~/ l in a lUlrn >l ll ll l i ll~ lIui<l,,( \"O·I"dt ,· li{j l(I I, fl .
TIll" posit ion of t ht' l);trLirl l' aLt ill\t' I+dt is tl ...n Ill-rh 'n l (nil.,:
wht'll' lft is t h(' t1l1raliull IIf t ill" tlnu- su-p lind be illl'util'l.1 til LllI' Linn- stt' ll uf I./It'
circulat ion ndll ,
th(· Eull'riar: w lority rid ll. ,t llI"lJI'lI11'of aVl ·ra.e;ill~ l ltl' vl'lud ty III lilt' prl'viullsly I'liL;·
mau-d partirll' pos iLillll aL Lillll't wit h ti ll' Vl'tllriLy ilL tlU' l'IIfTO"tlL l "!il illlatc~ 1 l",rLit'lI'
Il000 itioll aLtina- t+,l1 is i lll l' ll·n ll ·lItt~ 1.




TIll' n mvr'rl(l'/W('niLI' rilm LuslujJ Lltl~ itcrntion is tlmL
11 11; - 1I;-d l < 0.1cml·~
TIll' sd wlIH'is stebk- for:
II ,mil(11. < '2. / d7""A>
TIlt' iIl Lt~rp(J litl iU Ii SrlWIllt' used is hililwar interpolation. Whrll It parl irle is




G eometrical method for
calculating the area covered by a
set of points on a spherical surface
Wf' wish 1.0develop " ~1'OlIw~ri('a1Iilf'Ulotll.t1 c'alrulal.c· UIl' " n 'a u f a ,r;ivl'lI S('l " f I." iullo
P (F igure £:.1) sit uatt"l.l U ll a 1I1'1wrk a.ls llrfan·. WI' IIlarl wlt h ll. !limp'" l'uly.e;ulI i:
(Fi,l!;llW C.:)) based upon llllJdifir:"l.itJIIof tlu- rouvr-x hull ( Fi.e; III'C' C.l ) of L1 11~ ~1 " f
poinh P. Tb« art' l\ of 1111' poly gon t: ,IC'!WrilJl'll till ' at c'll of 1.111 ' ~ivl!1I 1I" t uf I'"i ll b P.
Here wn present th e algori t hm fflr Illl'il liUrill ll; t1 1l ~ M('a uf ILIwl u f points 1111 1lllllllC'rk nl
II I
Sllr rae~el, evalua te iIlJJlI~(1 e ~U l1slrui l1t~ aml discuss the utility of lhe method.
o ~o e ..
Figure C. I: I'clut a Ii [circles] which span all area meas ure d on the eart h's surface.
'I'lu- axc's nre ill clq; r...·s 1~l1.Iltll ll l l North.
Tht· lllp;oritlllll sl arti ng point is a convex hull surr ounding the set of points
(Figllrt· <:.2). A convex hull of a set of points is a convex polygon surro unding the
set. For tll'ta ils 0 11 building the convex hull see Preparata and Hhamos (19M). Since
t ln- an-a surrounded hy It convex hull can be severely increased by having [ust Dill'
point lm'al t·d far from tilt' ot hers ill tlu- sel , we can not lise t he convex hull as a meas ure
for l1u' urenof li lt· sl'l. uf !,uillls Ii . Therofo«- we crea te d. polygon C that co ntai ns
1l10n' VI'rUn'll and tl ms III'Jlt'lltls 011 a larger subset of poin ts in P. Th e const ruct ion
of (~ is 110I l(' by replacing the longest edge of the convex hull by two new edges which
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Figu re C.2: 'l'h«GO IlVC'X Hull of P: '1'1w two vt'rtin~~ l11 ilrk('d by *"n~r, ~ r to t.t lC~ IOIl ~t~l
edge. NV rcr(~ r'· to Uw m-xt iut c'rioTpoint 10 IJt' ad ch llu thr- COllVl'X Hull. TI ll ' il XI'l'l
art > the S<1 11(' as ill r i~lI f(~ C.1.
Figurt~ G.a: Firm! polygon r: sn rroundlng the set of points P. The area of the polygon
rel' rt'Sl'llts t he nn-r, of the set of points P.The axes a re t he same as ill Figure C.l.
indll dc! Il IlI'W vertex NV takl' lI (rom the int erior poi nts, We iterate t his process
alway.~ eek tug to replace the longest segment of the contouring polygon by two new
sq~nU'nh. On ce t ilt' 1I1l1l11Jt'r of vertices of the contour reach a specified fraction of
llll~ total nUlllln'r of initialpointe in Pwe stop t he iterat ion .
Blofore WI! disn lss lilt' renditions governing the adding of new verti ces to t he
l'flllVt'Xhnll WI' oxploro the notat ion used in t his algorit hm. Any set of points ou a
plaUt' ran bf' tlt·lillt'd hy a vector with imaginar y notatio n. T he real part of each ele-
mcut of the vector repr esents the abscissa of t he point , the imaginary par t represen ts
t ill' ordinate. The vector list Pdescrlbiug the initial set of points ill t he plane has no
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par tic ular order. However t Ilt' vector list {J 11,'sc.rihillg il simpl,' p\lly~oll SUrrtJIlllO lill,L(
P is ill rc nn tercloc kwise orllt'r sud1 tha t t wo cousecutlve Vt'rl,kl' s uf (~ n 'pn'l"c'nt ,111
edge of the polygon. The first and I,,"~l c>!p-l1wll of a n 'pn 'sl'lLt till' lIH IllI' l' uillt so
that all the edges are specifie d. fo r a conto uring polygon with II poin ts, t.lu- si",!,ul
C is n+ l [i.e. (J = (ChC~,C3, . ", C", C,,+Jl where Cl = C"+I ) . Silll " ~ till' lirllt aud
last element of e represent tlw same point , all 1~l gl's lIr(~ s]lI'dfbl hy (:;(,'; +1 wllC~ n'
i E (l,.,. ,n) .
III t his elgcrithm we milke IISC of two rccrdiuute ,~y,~tl~ lll ll. lni tiully LIIl ~ pui nL~
to be conto ured are 011 11 spherica l plane. Polygon l'dp;l~ IC 'IJp;ths ilrlO 1'I\I I :u l ntl~lllll
the sphe rical plane while the choice of new polnt« ttl nrhlto I.hl' pu lyg oll bouudary is
done in Ca rtesia n coordinates. Evaluat ion of anarcu hounded by ;~ dos' ~1 1 gl'ulIU'trit'nl
object on a spher ical plane ehall he accomplished ill splil'rim l fUurc 1i ll;~tc'S.
Init ially C is the convex hull or thu initial sd of ]millts. At lIl is stil,L(l' P rl'pn'·
eents the in terior points not on the convex hull bounda ry. Wt~ Sdl'l:t t h.! IOIl}!;l 'st 1 ~ IAt~
~ ill C,To search for a IH'W vertex NY' wu rrausronu i:uml t' intu Cartesian
coordinates so t hat Cj is at ti le origin and~ has an !U Ip;II ~ or znrn, Wt ~ n-quir«
t hat any uew verte x NY that we acid to (! must 11I ~ s;llllLl ,I'11 ],d, WI'I'lI r; := II alli l
Wi
NV [i.«. 7J;Nf11l1l(1~ ) do not form all interior angle less than {3({3= 10°) with
tjllll ~r l ~dW~s, intersl~d the cxlsring boundaries or result in any point s belug outside
1I1l~ t11 ~W contour (7, We als e require tha t llO IW of till' new edges formed be longer
1IliLlI llw (~d~l~ L1wy an- replacing. Wl~ choose tlw poinl having the smallest ordinate
Figuro C.,l: Heplecing th(~ longest edge of t he COIlWX hull (1st iteration). Axes are
in (:arlesiall coordinates of kill. OJ ;1Iat the or.:'in . CHI is on the horizont al axis .
The I[utll-II circle represents till' closest interior point tha t sa tisfies the new vertex
(~ritl'rioll for the rougl'st edge nOHl '
llfi
f igure C.5: Hepllld ng ]ongt'lil t~t l~t' of lilt' ronvcx hull (:lIltI itNil l,iun)
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If a suitahh- new vertex iJi feuud WI' add it l){'twI"{'u t Ill' appropria te' veruces
ill (! lill.1 r!.·ldl' it frum I. III ~ intl ~rior pni lltJi P. If no su itable vertex is found for the
IOll!!.l'xl I·d,l!p WI' di l1lina tl' t hat l'{Ip;I'Irum furl1wr rous ide ratio u for replacement. The
pron "!llrl' uf dd illillP; two II" Wedge·s for the longf'St edge of C: is r.~peatl'd until t he
Illlllllll'r uf vl'l'tin's ill (: rcrn-sponds to an arbitrary fraction of tIll' initia l numb er
of ,e;iVl'll Imin t s i ll P. Fuethor mon', if tl lt'rl ' Uri' no mere inter ior poiIl ls that satisfy
nlll dit iu llx l,u 11l'l'l1llll' vI'l,tin'S, t Ill' ltererion stops. rur tlll'r disf ussioll 011 ti l<'stop
I'l'ikrioll ix fllllllllilt tlll' ('llll of t lll, a pl'l'ndix.
Nr'xt WI' wish to rnlr-nlate th« urea of 11l<' polygon defined by C, 1"0 1" this C
lIlnst Ill' in splll'rim i roonlinatos (latitnd e and longitude coordinates], {! Iii'S011 11
splll'r in li snr fm't' with radi us H (R = (i:tll kill). WI' first calcula te t Ill' area of tile
1'<IIIVP )'; hull. From t his WI ' sllh1.rad the area of l1w spherical t riangles that WI' lmv«
I'liminali' d from t ltt' convex hull to form t ill' final contouring polygon {! (Figure C.6),
TOI',tll-ulatl' til!' art'a ofl lw convex hull WE' triangulate it [ Preparata andShames
I!IK!i) and tln-n apply spherk-al ttiangle area calculations. Figure <:.7 illustra tes t1w
c'(I"r<!in att'S HXI'd rur n~kll lat ill,l!; t he area of il spherical t riilngll' and t hl' app ropriate
The allgl" OJc'ovl'n't! by t lu- grl'a t ci rcle route bet ween two vertices on t he sphere
run 1)(' l'<11t'nlah- 1i from t Ill' projcctiou of one vertex over the other.
'"
I'O~ 0; = 1 1 1~'\~ l l~ II «'. 1)
(19tH ). The interior angles 0"; of tIle' ~pl ll"r i c~ltl triall~l c ' ran \1('lll'fivl'd from :
Where i,j, k E (1, 2, :1) and ; ,j, ~' nil tli ffl ~r .
( :.:0
TIll" ar-ea of 11.s Jllwr ira l tr ian glc' is 11. fuuct.ion of t.ln-xutn uf its interiur illl ~h's ,
;= ;,
I1RB I1{/II,'l,:l) =(~ l1' , -lr) /e (C .:I )
T hus to rak llhtL f' tlll ~ an-n of II ~t'l of poi Ills , Wt' t't ltlst rlld il~ l'01IVt'X IIIIU,
add ver t ices to achi('vt ~ .1 polygun l hal J,!;iVI'l\ il ],d kr p;t, mll'lr ical fit 1.0 ti ll ' )lOill1.s ,
t eiaugulat .. and ilpp ly spllt'rir allriangh"Srd aLiolls to t:1Lk lllaLt, 1.11,' lo1.al uren tof1I1 ( ~
polygon,
We eva luate our polygon rout ine IJy nllll piLri ll~ il to two uLlll'r l1l('lh ( "I ~ for
t'~l i1ll1l.ling ti ll" arr -a of a sd of point s. T ilt'S!, ure tlu- an-a o f llU' ~ l ;' lI da ril t!('Vi iI Liu ll
elli pse and ti ll" area of l ilt' convex hull, Wc' will al~u I l j ~ t~Il "~~ ILml iII nsl. ral ! ~ 1,IIl' lilli'
II !I
il1dllcl"li II '~IlIll IHlri.~ull 1 ~ ·t WI'(lli t wo lil'ts of in itial points of diff<' relll size.
III till' Standa rd [)eviatioll gllip !;(1Method we fit a line by linea r regression to
t ilt' sd uf po ints P. 'l'he sta ndard de viation alo ng this linn is o», pe rpen dicular to
tlds l inl~ 1.I1( ~ lltallllard Ih'vi"t iol1of the sd or points is f7y • T he meau loca tion of th e
points is givon by i'. We tfwlI draw au dl ips(~ with f7r as t Ill' major ax is along t lw
lit k, l lillt""1/i~'l l.Iw minor axis aml i ' as tht, cont ro. TIll' an-a uf this elJ i ps(~ is give n
The lIHlirtilll Vllll tagn or t lll1po ly gun i.'l that its pl' rinwt l'r call 1110uld its d f to the
Ililff·Wllt,ml.t('rll S f'I WOllll l l'rf 'll i ll a lid of points. T he shap e of the standard devia tion
dlip.'II· is righl. The convex hull's shapedepends on the distribution of t he set of
jlUilll.'l, ]loWI' VI'r its un-a Cal l depend heavily 011 au isolated point in th e set .
In Figur('li <:.1'\ through C.II W(~ illustrate t he three metho ds for different se t s
',f Ill/iuts. The tot al 111l11llJPr of initial points a re 72, tIll' minimum interior angle 13 ls
HJ~ nnd t i le rlL1.io of ·,('rt ices Io tot al points is :\. These points indic ate the position
uf It sf·l. of mudd d rifters in lLll experiment. A ll array of drif ters plared 0 11 a square
Arid is It'ft fn 'tl to Ill' 11 (IV{'I~t('d 1Iy the ru rrcut.
M t('r 20 days tht· sd of drifters is ~ liIJ well orde re d (Figure C.S) . III thi s case
ti ll ' ( 'U Il Vf ' X 11lI1lgiw s the I)('st looking cor-o ur for the set of points. Our meth od or
tfll' )loIYAOllill t his ('uSC'reduces till' area sli,;ht ly but may lead to a jagged boundary.
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The polygon routine "searches too much" for tIll' boundary of a \w ll unll'l'\ 'll sC'! , "f
points, As for the 1' !1ipS!' nu-thod, it w llsislt' utl y 11111Ic' I'('st iw illl's tilt' urea. 011 Fip;lIr. '
C,9 we SI"C'a wc'akll pss in our po lygon I'tml ll ll r i u !l; rou li li l', 'I'hent"Ltiull or tl«-pul yp;Ull
relies Oil conditioua im posl'll 0 11points tu IIlltl to till' IUl1p;I'sl t ~I P;I" Howowr it may
hap pen t hat 11IlCW vortex to t ill' l{)lIp;( ~t e'dp;\'lll ay ln- very d os\' to iLllul.lwr l'd gl ' ;11
lhe contour , There is no di rect mechanism fur Aivinp; pn-rt'fI'lll"l' uf a ll inll'rillr p" ill l
to a fJilf l ic u la r cdgt~ (/111' to p;t,(lIlll'tr ir proxi mity. 1I01V1'vl'r iutTl'il:>inj.'; t ln- miuinnuu
siz" (!J) or any illLt'r iur iUlp;11' iLvuirls till' prubh-ru.
l~l
Figuro C .U: Art'a C,lkullltioll: Th e area. of t he polygon (; (dott ed dashed line) is
m lrlliall'd hy sllhl,ra,tillg till" L riall~1l 1 ar shaded areas from th l~ area of the ron vex
hull (!<ulid line] ,
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Figure C.7: A spherical t r iang le': The cln-k- Tl'I m 'st ' Ul s t l ll~ s lllwl'{"s rcurrc, IT;'S I,W
t111~ inter ior angles of the sphl'rk a l triallgll', Oi' S iLW th t ~ iUl~l t~ of t l u' ~l't 'Ht f i n: I!· W ilt..
be tween two vertices on t he spherical t riaugl t!ancl,ii's urn lJl(' vt ·r1.i (~t'S of lilt' slllll'dn d
t riangle. IJi= (>'j,rjJi, ll) WIJ('H~ i E (I, ::!,:!).
FigUfl'C.X: 20 ,layN lIfll'l' n'l,-asl', an-a of polygon 77:l8 km~ [solidline], area of convex
hull K!J(l.'i km2 (1IaNhl'c1 dottedline], area of standard deviation ellipse :115:J k1l1 2 (dots].
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Figure G.9: 50 days alter release, llTl ' a of lJu1YI/;oll !JO()~ I klll1 (Ilolid line}, Il rl'll of
( .OIlWX hull IIGIO km1 ( da.~ IlC'd dot ted liue}, n rl'a of s la llrl.l rd deviutiond IiJlSl ' "~ Jli
km1(dots ).
12!i
~;,...\0 .".>"."! 0 0 ' . " .! o.. .•.• •l 0:::.. . """''''''''...... '. . :.-,..~".~'-" -
1"ill;lIf1' C. W: HU . I ;~y.~ n fll!r n ·I (';~~. !, area of pol ygon 4 194 klll 2 (solid lim' ), area of
rcuvr-x bull fi771 klJlt ( Ia.~JI (·1 1 dot ted line), a rea of sta ndard deviat ion ellipse 224 1
k lll ~ (d"t ~ ) .
Fi~lln' C. I I: 120 tlnys efter rele ase , 1t1'1'1I of polygon :15 18 km2 (solid line), area of
"UI1V,'X hull (iO!,1 km" (tl<lslwd doued liuc], area of stall dan l dovlarlcn ellipse 1817
Im\2 (tlols).
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Hen- we , lisc_uss tho spt'Cilicll or tIlt' PMlUllt'tl' f Sdltls,'n i ll t.lu-p"I)'~llII . W" will
discuss the number of point:! in tlu -sl' l, tilt' rntio of l'I'r tir, 'S I,ll total uumln-r llf lIuinls,
the m aximum lengt h of IWWt'{lg" s ni L,~r i nu IlS wd l as tlw mluhnum l111p;I,' I~ rrin-rlon.
T he criterion we st~L for eligi bility or a illl.,' rim· Imint as a 111 '11' vortex 1111 tlu-
polygon boundary detcrmim- t l ll~ final dmnlt'lI'ri s1.inl \If 1Ill'po lyp;ol1. III Fip;1l11'S ( :.1'1.
to <:.1 7 wl' l' reSl~ lIl l l1l' cUlltullri llp; pulygull for ,I c1i lfl' fl 'nt rat.icsor Illll llll! ary p" iul,l'l
OWl" to tal points i ll t ill' sec. For t his Cil.'ll~ ti ll' tota l numln-r of [I"iu1.s is :lflur 7'1.uud
the m ost suitable ratio is~ . Silita bility is ddt'rlll illl·,1 hy t Ill' ubifi ty uf 1,11"l'ulY~"1I h .
outline l lwshape of t he sel of puin ts wit huut atl,lillK n l l!l l' l"I'ssary Ild 'lil al il l is ,!l 'ci,!! ,,!
subjectively. WI' can soe in Figlll"l ' <:. Hi wln'rr' illlll ll' lJuin l s Ii,' 011ti ll' llu ,u lflilry th at
the shapl' of the po lygon 110 1{) lIg,~r rc ~ l lI"l'l'lI'IlLs ti ll' p;t ~ l1l 'r;lr sImpI' o r th l~ points. ' l' llI'
polygon is a lmos t ,Iivid,'d into tw o.
1:r!7
Fi~ lLn ' ( ~ .I :.! : Ralio or~, 12 vertices out uf :16 points
FiAlll't' C. I:I: Rutlo of 4. 18 verticos out of ;16points
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Figure ( :. 1:1: Hal io uf ~, 2·1 vr-rl.irr-s WILof ;Uj Il l/ il ll,:.;
F igll n~ ( :.15: Hilliu of I , :15 vl'rlin 'SIIIILor :1fjIn/i l lt s
1:l!J
'I'll iIlll s trat, ~ t l ll~ dirr" WIWI' tll at tl lI~ total 1l1l1111J1' r of init ial points makes Ull t he
l~hlJil'" of t1Jl~ ra li ll "flllJUllIl llry po int s, we dl'KJS'~ ttl contour it sl'l of 7:l lloi nt~ (Figlln 'lj
C .17 tu C.:.!I). Her«,h" weve r, th e ehoirc ol theot her parameters co m es int o play. For
11 mt hl of ~ till' polygon wpn'sl ~lIL s the geometry of the points well . Fo r high er valul's
t lu' 1IlJ1Il1liary hel'oIlU~ Loti jaAA(>(1. As WI' in('.reil.SI' the muu ber of po lnts we wish to
Il1lv,~ nn tlw hounrla ry WI' . lisl'ovl ' r 11lim it uf 52 points fo r t ln- set s ho wn. Thus till'
nil.I'ri"n by whlch WI~ dlUtJ:it, a lWWvertex rcuetruins ill some rail":> t he polyv;on to a
muxbuuur 1111111 111'1'of IJoints on th e polyg on. For 1\ sd of :J6 points a rat io of ~ was
s lli1.llblc' WIU'TI' IIJ1 [or H. sd or 72 po inLs it ratio of ~ was s1Iit ...1II,'. A I~o the greater t he
rutlo, t llC' s l1lil. I I (~ r LIi,'over all urea covered by t he resu lting polygon.
ri.e;\lrt~ C , W: !la t iu uf~.:H vl'I'Li!'l's uut o f 7'2 puillls , urcu:
1&7I:I01,1307.:I07I:1011 :lOII:IOIlllll13lllle :109:109,
Figll "'~ <:, 17: !{a l ifJ l>f 1, :Ui v"rlin~ mi l of 7'l. I" ,i nlli
Figu n- C. II:!: HlLt iu of~, ,12 wrlicl'JS out of 72 points. Hero it is thr- 11('\\' vert ex
n it .·riull l liltl limit t ill' numb-r of v(' rtir,~ and nul tIlP ratio .
Fi'; Ufl' ( '. I!); H,.t i.. of t,,12vertices out uf 72 puilll:ij HNI' it is t he new vertex criteriun
lhal limit. tho 11ll111lll'r or vertices and not t he ratio.
Finally. wr- pn~t' ll t in ri~lm' C.21 li lt' ,' If"t"t uf l Ilt" mininnuu iult 'riul" all)!;lt'
ri. Inr reasiug (j may il1rn~,Ls" tlu- polygon 's surfare - ,LTI'a by upproximau-ly Ul%.
Furtln-rmcn-, it la rger (j smoo thos lilt' sllapt· of t ill" IlIlllUdi llJ( polY~lJll . IIll\\" '\'.' r 1111'
polygon routine is not as sens itive to tln- Interior 1I 11~1 ,' limit as it is tu tIll' rat i" I>f
\','r li rt,s ove r to ta l numberor points .
The polygon routiu.. working Oil a St't or IlLlinls ,!islrihll t,' ,l '1I1 lUI r-vr-ulySp,lt',',1
rect an gular grid ca n represent lilt' r,' ctullglllar p;,'o llwt ry o r t it" Iluiul,l<, T Ilt, r-onvox
hull wou ld ini t ia lly cons is t cf the 4 r Or1 I(' C points. '1'111' [Jllyg"l1 rtllIl,in,' wUIlI,1 tln-u
proceed adding point s lha t art ' 011 the initial ,I \'I'rt ic.'s of lilt' ' "lIl1V"X IIilII. At lhis
point, rh« crgltla r Spitri llg ensun-s that lilly iuu-rior puiut wuuld Iomr all ",IW' with
a vert ex l ha t is long er than lIw , 'c1gl~ it r,'p lan 'S, Sinn ' t.his b not 1" ~ l'l ll i a, ', 1 hy 'IIIC
algorith m, the polygon rou tine out puts tln- sluqx- of l bt' r,'r.la llg illar " lmVI ~ X hul l.
T he polygon ccntouriug TOl1 tillc cons t it.ul l's a ~.'iJmd ri '~1l1 1l1l'llllJd fur ruk-u-
lating the a rea of a set of points . Our method is <til illll, rllvI'IIII'nl uvr-r l lllL1. o r l ilt'
COIl\' !' X hull or a ~..t of poill t~ for area ca1r:u la t ilJlls sirw.~ i t. nllcws IHUTt' v"TLift's 1111
the boundary. For cases ill which tIll' sd of pu illts an- n 'g lllrlrly spar ,'d, t Ill' 1"l'Sll ltillP;
boundary of til l' polygon rout ine is t he conv ex hull" T Ill' ]lolYP;tJll f/llllir lt ~ is ;~ md liUlI
Ior ureasur lug the area of a set of point s ill it. cOIIsi~t "ll l tuunncr.. It wurks wnl l whr-n
th e uuruber of points to 1)(' cuutnured is a " 'JIIslau t , '1'111'paralllt't."rs t" Ill, us,,,l in
t1 1l ~ llIudd ( 1' ~JI"Il,1 "II tIll' ti llal number u f points. This routine lias 1)('<'11 developed
I,ll l,,~ llsl 'd (Jp l 'ra t ionall y, Il' li applkatioll dem an ds t ha t tl u' choice of paramou-rs be
verifh-d with ru mp ariso ll of t he rontcuting polygo n and tlu- distrlbuticn of t ho sd of
poin ts. FlIr applil~i~tilms ill th is thes is slng lo points WhOSI~ presen ce lncroaso t he ar ea
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Figu r« (;.10: I'ulygull rlmt i ll'! for '1 dirr"r"nt millillllllli illll' riur 1I11,1!;1, '11 fI, II :;;
(0°, :W" , 40" , liO°). TI ll" changl! ill ar(';~ of th(~ JlulYJ!;lJll with r' ~pld lu 1I11' pulYRtllI
with rl". 0" ;M1% for II:;; :.!O, 4% [nr fJ= -10uncl 11% FlII' fJ= fin.
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